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Description 

RELATED APPUCATIONS 

(OOOIJ This application is continuation-in-part of co-pending applicalions U.S. Serial Numbers 08/160,232 and 
08/159,674, filed concurrently herewith on Novemt>er 30. 1993. which are continuafions-in-part of copending applica- 
tion U.S. Serial No. 076.239 filed June 11, 1993. which is a confinuaUonH'n-part of copending application U.S. Serial 
No. 717.084 and U.S. Serial No. 716.899, twth of which were filed June 18. 1991. which In turn are a continuation-in- 
part of U.S. Serial No. 569.828. fUed August 20. 1 990. which in hjm is a continualion-in-pait of application U S Serial 
No. 455,707, filed December 22. 1989. The disclosures of each of these patent applications are incorporated herein 
by reference in their entire^. 

BACKGROUND OF THE INVENTION 

FieM of the Invention 

[0002] TWs invention relates to novel methods and apparatus for preparing gaseous precursor-filled liposomes, li- 
posomes prepared by these methods are paniculaity useful, for example. In ultrasonic imaging appficatians and in 
Iherapeutie delivery systems. 

BadBiround of the Invention 

[0003] A varied of Imaging techni^ies have been used to detect and diagnose disease in animals and humans. X- 
rays represent one of the first techrnques used for diagnostic imaging. The Images obtained through this technique 
reflect the etecbon densl^ of the obiect being imaged. Conbast agents such as barium or iodine have been used over 
the years to attenuate or Mode Xnays such that the contrast between various stnictures is increased. X-rays, however, 
are icnown to be somewhat dangerous, since the radiation employed in X-rays is ionizing, and the various deleterious 
effects of ionizing radiation are cumulative. 

[0004] Another important imaging technique is magnetic resonance imaging (MRI). TWs technique, however, has 
various drawbacks such as expense and the feet that it cannot be conducted as a portable examination, in addition. 
MRI is not available at many medical centers. 

(OOOq Radionuclides, employed in nuclear medldne. provide a further imaging technique, in employing this tech- 
nique, radionuclides such as technetium labelled compounds are infected into the patient, and Images are obtained 
from gamma cameras. Nuclear medidne techniques, however, suffer finom poor ^>atial lasoluUon and expose the 
animal or patient to the deleterious effects of radiatioa Furthermore, the hamUng and disposal of radionuclides is 

problematic 

(OOOq Ultrasound Is another diagnostic imaging technique which is unRlce nudear medidne and X-rays since K does 
not expose the patient to the harmful effects of ionizing radiation. Moreover, unlike magnetic resonance Imaging, ul- 
basound is relatively inexpensive and can be conducted as a portable examination. In using the idtrasound technique, 
sound is transmitted into a patient or animal via a bans<bjcer. When the sound waves propagate through the body, 
they encounter Interfaces from tissues and fluids. Depending on the acoustic properties of the tissues and fluids in the 
body, the ultrasound sound waves are parbally or wholly reflected or absortjed. When sound waves are reflected by 
an interface they are deteded by the receiver in the transducer and processed to fonn.an image. The acoustic properties 
of the tissues and fluids within the body detemilne the contrast which appears in the lesuHant image. 
[0007] Advances have been made in recent years In ultrasound technology. However, despite these various tech- 
nological improvements, ultrasound is still an Imperfed tool in a number of respects, particulariy with regard to the 
imaging and detection of disease in the liver and spleen. Kidneys, heart and vasculature, induding measuring blood 
flow. The ability to deted and measure these regions depends on the difference in acoustic properties between tissues 
or fluids and the surrounding tissues or fluids. As a result, contrast agents have been sought which wiD increase the 
acoustic difference between tissues orflirids and the surrounding tissues or fluids In order to Improve ultrasonic imagbtg 
and (fisease detedion. 

PiOOq The princq>ies undertying image fomiation in ultrasound have direded researchers to the pursuit of gaseous 
contrast agents. Changes in acousfic properties or acoustic impedance are most pronounced at interfaces of different 
substances wdth greatly differing density or acoustic impedance, particulariy at the interface between solids, liquids 
and gases. When uHrasound sound waves encounter such interfaces, the changes in acoustic impedance result in a 
more intense reflection of sound waves and a mora intense signal in the ultrasound image. An additional f ador affecting 
the efficiency or reflection of sound Is the elastidty of the reflecting interface. The greater the elastidty of this interface, 
the mors eflkleni the reflection of sound. Substances such as gas bubbles present highly elastic Interfaces. Thus, as 
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a result of the foregoing principles, researchers have focused on the development of ultrasound contrast agents based 
on gas but>bles or gas containing i>odies and on the devetopment of efficient methods for their preparation. 
(0009] Ryan et al., in U.S. Patent 4.544.545. disclose phospholipid fiposomes having a chemicafly modified choles- 
terol coating. The cholesterol coating may be a monolayer or bilayer. An aqueous medium, oontaMng a tracer, thera- 
peuUc, or cytotoxic agent, is confined within the Rposome. Liposomes, having a diameter of 0.001 microns to 1 0 microns, 
are prepared by agitation and ultrasonic vibration. 

(00101 O'Amgo, in U.S. Patents 4.684.479 and 5.215.680. teaches a gas-in-Uquid emulsion and method for Ihe pro- 
duction thereof from surfactant mixtures. U.S. Patent 4.684.479 discloses the production of liposomes by shaking a 
solution of the surfectant in a liquid medium in air. U.S. Patent 5.21 5.6B0 Is directed to a laige scale method of producing 
Dpid coated microbubbles including shaking a solution of the surfactant in liquid medium in atr or other gaseous mixture 
and filter sterilizing the resultant solution. 

[001 1j WO 80/02365 disdoses the production of microbubbles having an "mert gas. such as nitrogen; or carton 
dioxide, encapsulated In a gellable membrane. The liposomes may be stored at low temperatures and vranrted prior 
and during use in humans. WO 82/01642 describes mterobubbis precursors and methods for their production. The 
microbubbles are formed In a liquid by dissolving a solid material. Gas-filled voids result, wherein the gas is 1 .) produced 
•rom gas piasent in voids between the micropartides of sofid precursor aggregates, 2.) absorted on Ihe surfaces of 
particles of Ihe pfecurBor, 3.) an integral part of the internal stnidure of particles of the precutsor, 4.) fonned when the 
precursor reads chemicaliy with the liquid, and 5.) dissolved in Ihe HquM and released when the precursor is dissolved 
therein. 

IwnTl In addition, Feinstein. in U.S. Patents 4.718,433 and 4.774,958, teaches Hw use of albisnln coated micro- 
bubbles for the purposes of ultrasound. 

P013] Widder, in U.S. Patents 4,572,203 and 4,844,882, discloses a method of ultrasonic imaging and a microbut>- 
ble^ype uHrasonic imaging agent 

|D014] Quay, in WO 9305819, describes Ihe use of agents to form microbubbles oompiisins especially selecied 
gases based vpon a criteria of loiown physical constants, induding 1) size of the bubble. 2) density of the gas, 3) 
solubility of the gas in the surrounding medium, and 4) difliisivRy of the gas into the medium. 
[0015] Kaufinan et al., in U.S. patent 5.171,755, disclose an emulsion comprising an highly lluotinaled organic com- 
pound, an oO having no substantial surface activity or water solubiii^ and a surfactant Kaufman et al. also leach a 
method of using the emulsion in medical applications. 

[0016] Another area of significant research effort is in the area of targeted drug delivery. Targeted delivery means 
are particulariy important where toxicity is an issue. Specific tterapeulic delivery methods potentially serve to minimize 
toxic side effects, lower the required dosage amounts, and decrease costs for the patient 
(0017] The methods and materials in the prior art for introduction of genetic materials, for example, to living cells is 
limited and InefTedive. To date several different mechanisms have been developed to deliver genetic material to living 
cells. These mechanisms Indude techniques such as caldum phosphate predpHatlon and electroporation, and carriers 
such as canonic polymers and aqueous-fiUed liposomes. These methods have all been relatively ineffective In wvo 
and only of limited use for cell culture transfection. None of these methods potentiate local release, delivery and inte- 
gration of genetic material to the target call. 

[0018] Better means of delivery for therapeutics such as genetic materials are needed to treat a wide variety of 
human and animal diseases. Great strides have been made In characterizing geneUc diseases and in understanding 
protein transcription but relatively little progress has been made in delivering genetic material to cells for treatment of 
human and animal disease. 

[0019] A prindpal difficulty has been to deliver the geneticmaterial tinom the extracellular space to the intracellular 
space or even to effectively localize genetic material atthe suifiEioe of seeded cell membranes. A variety of techniques 
have been tried Ai vfvo but without great success. For example, viruses such as adenovimses and retroviruses have 
been used as vedors lo transfer genetic material to cells, Whde vires has been used but the amount of genetic material 
that can be placed inside of Ihe viral capsule is limited and there is concern about possible dangerous interactions that 
might be caused by Gve virus. The essential components of the viral capsule may be Isolated and used lo cany genetic 
material to seleded ceils. Ai vnoi however, not only must the delivery vehicle recognize certain cells but it also must 
be delivered to these cells. Despto extenshre woric on viral vadors, it has been difficull to develop a successfully 
targeted viral mecfiated vector for delhrery of genetic material U> viva 

01020] Conventional. Pquid-oontaining liposomes have been used to deliver genetic material to cells in cell culture 
but have mainly been ineffective A> wvo for cellular delivery of geneUc material. For example, caUonic Oposome trans- 

fBdion techniques have not woriced effectively frtwm More effective ineans are needed to improve the cettuiarde^^ 
of therapeutics such as genetic material. 

[0021] The present invention is direded to addressing the foregoing, as wett as other important needs in the area of 
contrast agents for ultrasonic imaging and vehides for Ihe effective targeted deflveiy of therapeutics. 
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SUMMART OF THE INVENTION 

[0022] The present invenflon provides methods and appaiatus for preparing temperature activated gaseous precur- 
sor-filled liposomes suitable for use as contrast agents for ultrasonic imaging or as dnig dellvefy agents. The methods 
» of the present invention provide the advantages, for example, of simplicity and potential cost savings during manufeo- 
turing of temperature activated gaseous precursor-fitted liposomes. 

(00231 Preferred methods for preparing the temperature activated gaseous prBCureor-filled liposomes comprise 
shaking an aqueous solution comprising a lipid in the presence of a temperature activated gaseous precursor, at a 
temperature below the gel state to liquid ciystalDne state phase transition temperature of ttie lipid. 

»» (0024] Unexpectedly, the temperature acth«ted gaseous precursor-tilled liposomes prepared in accordance with the 
methods of Oie present inventton possess a number of surpilslng yet WgWy beneficial characteristics. For example, 
gaseous precursor-filled liposomes are advantageous due to their IriocompaUbility and the ease with vi/Mch lipophilic 
compounds can be made to cross oeO membranes after the liposomes are ruptured. The liposomes of the invenGon 
also exhibit bilensa echogenidfy on ultrasound, are Wghly stable to pressure, an*or generally possess a long storage 

'f life, eitherwhenstoreddiyorsuspendedinaliquidiiiedium.TheechogenicityoftheOposonMSisof import 

diagnostic and therapeutic appRcaUons of the liposomes made according to the Invention. The gaseous precuisor- 
tnied I^Msomes also have the advantages, lor exanq^ of stable particle size, low todd^ and conipliant membranes. 
It is believed that the flexible membranes of the gaseous precwsor-fiBed liposomes may be useful in aiding the accu- 
mulation or targeting of these liposomes to tissues such as himors. 

M (00251 The temperature aclivatodgaseoijspreairsor-fillednposomes made aooording to the present Invention thus 
have siverior characterisfa'cs for ultrasound contrast Imaging. When inside an aqueous or tissue media, the gaseous 
piecuisor-liiled liposome creates an interface for the enhanced absorption of sound. The gaseous precureor-filled 
liposomes are therefore useful in imaging a patient generally, and/br bi diagnosing the presence of diseased tissue In 
a patient as weB as in tissue heating and the facilitation of dnig release or activation. 

» [0026] In addition to ultrasound, the temperature acSvated gaseous precursor-filled liposomes made acconfing to 
the present invention may be used, for example, for magnetic imaging and as MRI contrast agents. For example, the 
gaseous precursor-filled liposomes may contain paramagnetic gases, such as abnospheite air. which contains traces 
of oxygen 1 7; paramagnetic ions such as Mn**. Gd*^- Fe*'; iron oxides: or magnetite IFesO^ and may thus be used 
as susceptibility contrast agenta for magnetic resonance imaging. AdtSlionany. for example, the gaseous precursor' 

w fined Gposomes made according to the present invention may contain radioopaque metd ions, such as iodine, barium, 
bromine, or tungsten, for use as x-ray contrast agents. 

(0027] The temperature activated gaseous precursor-filled liposomes are also particularty useful as drug camera. 
Unfike liposomes of the prior art that have a Ikjuid Interior suitable only for encapsulating dnjgs that are water soluble, 
the gaseous precursor-fined liposomes made according to the present invention are parficulaiiy useful for encapsulating 
lipophilic dnjgs. Furthennore, lipophilic derivatives of dnigs may be inooiporated into the Hpid tayer readily, such as 
aBgMed derivatives of nietallocenedihalides.Kuoetal.. 4 >liit.C/ieinLStoa 1991, f 13, 9027-«045. 



BRIEF DESCRIPTION OF THE HGURES 
40 [0028] 

FIGURE 1 is a view, paifialiy schematic of a preferred apparatus according to the present Invention for preparing 
the gaseous precwsor-filled liposome microspheres of the present invention. 

FIGURE 2 shows a pralerred apparatus for filtering andtor dispensing therapeutic containing gaseous precureor- 
4* fined Hposomsmicraspheresol the present invention. 

FKSURE 3 shows a preferred apparatus for filtering andftir dispensing therapeuGc containing gaseous precursor- 
fined liposome microspheres of the present Invention. 
FIGURE 4 is an exploded view of a portion of the apparatus of Figure 3. 

R6URE S Is a miODgraph which shows the sizes gaseous precursor-fined liposomes of the invention before 
(A) and after (B) filtration. 

FIGURE 6 grapMcaDy depicts the size distribution of gaseous precursor-filled Gposomes of the inventton before 
(A) and after (B) filtration. 

FIGURE 7 is a iricrograph of a HpM suspension before (A) and after (B) exinislon through a filter. 
RGURE 8 is a micrograph of gaseous precursor-filled liposomes fomied subsequent to filtering and autodaving 
ss a Hpid suspension, the micrographs having been taken before (A) and afler (B) sizing by fittrafion of the gaseous 
precursor-fined liposomes. 

FIGURE 9 is a diagrammatic illustration of a temperature aefivated gaseous precursor-filled Oposome prior to 
temperatere activation. The liposome has a mullilameltar membrane. 
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FIGURE 10 is a diagrammatic lllustralion of a temperature activated liquid gaseous precursor-filled liposome after 
temperature activation of the liquid to gaseous state resulting in a unilamellar membrane and expansion of the 
liposome diameter. 

i DETAILED DESCRIPTION OF THE INVENTION 

[0029] The present invention is directed to methods and apparatus for preparing temperatutB activated gaseous 
precursor-filled liposomes. Unlike the methods of the prior art which are directed to the fomnation of liposomes with an 
aqueous solution lUling the interior, the methods of the present invention are directed to the preparation of liposomes 

w which comprise inteiior gaseous precursor and/or ultimately gas. 

(OOStq As used herein, the phiase Temperature activated gaseous precursor denotes a compound which, at a 
sslected activation oftransition temperature, changes ptiases ffom a liquid to a gas. Activation ortransition temperature, 
and filca tetms, refer to the bt^ng point of the gaseous precuisor, the temperabtre at which the Hquid to gaseous phase 
bansWon of the gaseous precursor lalces piaoe. Useful gaseous precursors are those gases which have boiling points 

» In the range of about -100* C to 70* C. The activation temperature is particular to each gaseous precursor. This concept 
is Otustrated in Figures 9 and 10. An activation temperature of about 37* C, or human body temperature, is preferred 
for gaseous piecuisore of the present invenlion. Thus, a Dquid gaseous precursor is acUvaled to become a gas al 37* 
C. llotNever. the gaseous precursor may be in liquid or gaseous phase for use in the meUwtfs of the piesem inventt^ 
The methods of the present Invention may be carried out below the bdling point of the gaseous precursor such ttiat a 
. » Iiquidisinooiporatedintoamicresphere.lnaddilion.thernethadsmaybeperlbrinedallheboi1lngpoim^^ 

precursor such that a gas is incorporated Mo a ndcrosphere. For gaseous precursora having low temperature boiling 
pdnts, Uquld precursors may be emulsilied using a mtcrolluidizer device chilled to a low temperature. The boiling points 
may also be depressed using solvents in liqud media to uGlize a precursor In liquid fbmi. Altemativeiy. an upper limit 
of about 70* C may be attained with focused high energy ultrasound. Further, the methods may be perfbnned ««here 

2S the temperature is increased throiQhout the process, whereby lira process starts with a gaseous precursor as a liquid 
and ends with a gas. 

10031] The gaseous precursor nnay be selected so as to fonn the gas in situ in the targeted tissue or fluid. In vim 
upon entering the patient or animal, prior to use. during storage, or during manufacture. The methods of producing the 
temperature^ctivated gaseous precursor-filled microspheres may be carried out at a temperature below the boffing 

» point of the gaseous precursor. In this embodiment the gaseous precursor Is entrapped within a microsphere such 
that the phase transition does not occur during manufeictura. Instead, the gaseous precursor-fiUed microspheres are 
manufactured in the Oquld phase of the gaseous precursor. Activation of the phase transition may taice place at any 
time as the temperature is allowed to exceed the boiling ptint of the precursor. Also, knowing Ihe amount of liquid in 
a droplet of Squid gaseous precuisor, the size of the liposomes upon attaining the gaseous state may be determined. 

3S [0032] Attematively, the gaseous precursors may be utifized to create stable gas-filled microspheres vvhich are pre- 
formed prior to use. In this embodiment, the gaseous precursor is added to a container housing a suspending and/or 
stabilizing medium at a temperature below the liqi^d-gaseous phase transition temperature of the respective gaseous 
precursor. As the temperature is then exceeded, and an emulsion Is formed between the gaseous precursor and liquid 
solution, Vne gaseous precursor undergoes transition from Ihe liquid to the gaseous state. As a result of this heating 

« and gas formation, the gas displaces the air in the head space above the liquid suspension so as to form gas^lled 
lipid spheres «vhich entrap the gas of the gaseous precursor, ambient gas (e.g. air) or coentrap gas state gaseous 
piecursor and anAlent air. This phase transition can be used for optimal miidng and stabDization of the contrast medium. 
For example, the gaseous piecursor, perfluorobutane, can be entrapped In liposomes and as the temperature is raised, 
beyond 3* C (bolfing point of perfluorebutane) Pposomally entrapped fiuorabutane gas results. As an addit'onal exam- 

4S pie, the gaseous precuisor fluorobutane. can be suspended in an aqueous suspension confining emulsifying and 
slaUlizing agents such as glycerol or propylene glycol and vortexed on a commercial vortexer. Vbrtexing is commenced 
at a tempereture low enough that the gaseous precursor is liqidd and is continued as the temperature of the sample 
is raised past the phase transition temperature from the liquid to gaseous slate. In so doing, the precursor converts to 
the gaseous state during the mlcroemulsificatiOn process. In Ihe presence cf the appropriate staUiizing agents, sur- 

so prisingly stable gas^lied liposomes resutt. 

P033] Accordingly, the gaseous precursora of the present invention may be selected to Ibnn a gas-lilled liposome 
Ai Mira or desij^ed to produce the gas-lilied flposome m situ, during the manufocluring process, on storage, or at some 
time priorlo use. 

[0034] As a further embodiment of this Invention, 1^ preforming the liquid state of the gaseous precursor into an 
ss aqueous emulsion and maintaining a known size, Ihe maximum size of the microbubble may be estimated by using 
the Idea gas (aw. once the transition to the gaseous state Is effocbialed. Fbr the purpose of making gaseous micfo- 
spheras from gaseous precursors, the gas phase is assumed to fonn instantaneously and no gas In the newly fonned 
fliterobubble has been depleted due to diffusion info Ihe liquid (generally aqueous in nature). Hence, from a known 
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liquid volume in tho emulsion, one actually vwwld predict an upper limit to the size of the gaseous liposome. 
[00351 Pursuant to the present Invention, anemulsionoffipidgaseous precursor-containing liquid droplets of defined 
size may be fonnulated. such that upon reaching a specific temperature, the boiling point of the gaseous precursor 
the droplets will expand into gas liposomes of defined size. The defined size represents an upper limit to the actuai 
size because factors such as gas diffusing into solution, loss of gas to the atmosphere, and the effects of increased 
piBSSurs are factors for which the ideal gas law cannot account 

[0036] The ideal gas faw and the equation for calculating the increase in volume of the gas liubbles on transition 
firom the liquid to gaseous slates faOows: 
[0037] The ideal gas law preificts the following: 



PV = nRT 



where 



P s pressure In atmospheres 
V = volume in liters 
ns moles of gas 
T = temperature in *K 

R - ideal gas constant s 2^4 L atmospheres deg-f mole-f 

[00381 With knowledge of volume, density, and temperature of the liquid in the emulsion of Kquids. the amount (e g 
number of moles) of liquid precursor as well as the volume of liquid precursor, a priori, may be calcuiated. which when 
converted to a gas, will expand into a liposome of known volume. The calculated volume wiU leltect an iipper Dmit to 
the size of the gaseous liposome assuming instantaneous expansion into a gas Gpos<»ne and negligible dKfosfon of 
the gas over tfte time of the expanston. 

[0039] Thus, stabffization of the precursorin the liquid stale bi an emulsion whereby the precursor droplet is spherical 
the volume of the precursor drof^ may be dalemtined by the equation: 



Volume (sphere) = 4/3 itr* 



r = radius of the sphere 



[0040] Thus, once the volume is predicted, and knowing the density of the liquid at the desired lemperatuie. the 
amount of liquid (gaseous precursor) in the droplet may be detennined. In more descriplive tenns. the following can 
bo applied: 



V^s40it(r^)» 

by the ideal gas law. 



P\fenRT 

substituting reveals, 



V^=nRT/Pj„ 



or. 



(A) n = 4/3 (itr^3] P/RT amount n = 4« [jtr^3 p/RT] • MW, Convertbig back to a IkiukI volume 

(B) Vj, = (4/3 [hTb^si p/RT] • MW^] where D = the density of the precursor Sohrlng for the diameter of the liquid 
draplet. 
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(C) diameter/2 = (3»« [4/3 * txr^^i p/R^ mw^]'0 which reduces to Diameter = 2arg„3j P/RT [MW^]]^ 

[0041] As a further embodiment of the present invention, with the Icnowledge of the volume and especiaily the radius, 

the appropriately sized filter sizes the gaseous precursor droplets to the appro;Hiate diameter sphere. 

[0042] A representatwe gaseous precursor may be used to form a microsphere of defined size, for example, 10 

microns diameter. In this example, the microsphefB is formed in the bloodstream of a human being, thus the typicat 

temperature would be 37° C or 3 10° K. At a pressure of 1 atmosphere and using the equation in (A). 7.54 x 1 0-w moles 

of gaseous precursor %vould be required to fin the volume of a 10 micron diameter microsphere. 

[0043] Using the above calculated amount of gaseous precursor, and 1-fluorbbutane. which possesses a molecular 

weight of 76.11. a boiling point of 32.5° C and a densify of 6.7789 grams/mL-' at 20° C, further calculations predict 

that,5.74 X 10-» grams of this precursor would be required for a 10 micron microsphere. Extrapdating further, and 

amied with the knowledge of the density, equation (B) further predicts that 8.47 x 10-« mLs of liquid precursor are 

necessary to form a microsphere with an upper limit of 10 microns. 

[0044] Finally, using equation (C), an emulswn of lifM droplets %wth a radius of 0.0272 micions or a corresponding 
diameter of 0.0544 mlcrens need be Ibnned to make a gaseous precursor filled microsphere «vlth an upper Dmit of a 
10 micren microsphere. 

(0045] An emulsion of this particular size could be easily achieved by me use of an appropriately sized filter. In 
addition, as seen by the size of the tOter necessary to Ibnn gaseous precursor droplets of defined size, the size of the 

tnter would ^ sufHoe to renrave any possible bacterial contaminants and. hence, can be used as a sterile lUliation 
as well. 

[0046] ThIsembodiniemofthepresemEnventionmaybeappliedtoallgaseauspieouisorsactlvatediiytempefatura. 
In feet, depression of the freezing point of the solvent system allows the use gaseous precursors which would undergo 
Hquid-toflas phase transitians at temperatures below 0° C. The solvent system can be selected to ptovida a medium 
for suspension of the gaseous precursor. For example. 20% propylene glycol nrisdMe in bufibred saline exhibits a 
freezing point depression weU below the freezing pcAit of water alone. By increasing the amount of propylene glycol 
or adding materials such as sodium chloride, the freezing point can be depressed even fiirther. 
[00471 The selection of appropriate solvent systems may be explained by physical methods as weU. When substanc- 
es, solid or Equid. herein referred to as solutes, are dissohred in a solvent, such as water based buflere for exampla. 
the freezing point is lowered by an amount that is dependent upon the composition of the solution. Thus, as defined 
IV VVan, one can express the freezing p(riM depression of the solvent by the (bllowing: 

bix, » In (1 - x^) = iH^lfUm^ - 1/T) 

where: 

X, = mole fraction of the solvent 
*t, ~ mole liractian of the solute 
AH^ s heat of fusion of the soivent 
Tg s Normal freezing point of the solvent 

I8048I The nonnal freezing point of the solvent results, if X|, is sman relative to j^, then the above equation may be 
rewritten: 



X* = AHj„/RIT- T^„T] - AH^AT/RTg' 

[0048] The above equation assumes the change in temperature AT is smaB compared to Tj. The above equation 
can be simplified fiirther assuming the concentration of the solute (in moles per thousand grams of solvent) cen be 
expressed in terms of the moiality, m. This. 



X„ =m/[m + lOOQ/Ma] - mMa/1000 

where: 

Ma = Molecular weight of the solvent, and 

m = molality of the solute in moles per 1000 grams. 
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piOSq Thus, subsfitutingibr the fiaction^v 

AT = |M,RT,*/1000AHft„l„ 

or 



where 



KpM,RT,*/1000AHft„ 

C0OS1J K[ is refiaiTed to as the molal freezing poM ami Is equal to 1.86 degrees per untt of m 
water m one atmosphere piessure. The above equation may i» used to accurately deteffldne the mclat 
of gaseousimcuisar filled miciosphefe solutions of the present invention. 

[0052] Hence, the above ecpjation can be applied to estimate treezing point depressions and to detenntne the ap- 
propriate concentrations of liquid or solid solute necessaiy to depress the solvent freezing temperature to an appropiiate 
value. 

posq Methods of preparing the temperature activated gaseous precursor-fBled liposomes include: 

vortexing an aqueous suspension of gaseous precuisor-filled liposomes of the present invention: variations on 
this method include optionally autodavlng before shaMng. opitonally heatii« an aqueous suspension of gaseous 
precursor and Dpid. opttonally ventfaig the vessel containing the suspension, optionally shaldng or pennltting the 
gaseous precursor liposomes to form sponteneously and cooling down the gaseous precursor filled l^xxsoma sus- 
pension, and optional^ extruding an aqueous suspension of gaseous precursor and Hpid through a filter of about 
0.22 (un, alternatively, filtering may be perfbrmed during in v/»o administration of the resulting Kposomes such that 
a filter of atwut 0.22 pm is employed; 

a micfoemulsificatlon method wtieceby an aqueous suspension of gaseous precursor-filled fiposomes of the 
present invention are emulsified >>y agitation and heated to fbrm microspheres prior to adminlstralian to a patient: 

and 

forming a gaseous precursor in lipid suspension by heating, and/or agitation, whereby the less dense gaseous 
precursor-flOed microspheres Itoat to the lop of the soiufion by expanding and displacbig other microspheres in 
the vessel and venting the vessel to release air. 

(0054] FreezediyingisusefultoremovewaterandorganicmaterialsfiomthelipidspriortomeshalunggasinstiUatk^ 
method. Drying^as instillation method may be used to remove water from liposomes. By pre^trepping the gaseous 
precursor in the dried liposomes (i.e. prior to drying) after wanning, the gaseous precursor may expand to fin the 
liposome. Gaseous precursors can also be used to fill dried Bposomes after they have been subjected to vacuum. As 
the dried liposomes are kept at a temperature below their gel state to liquid cryslairme temperature the drying chamber 
can be slowly filled with the gaseous precursor in its gaseous state, e.g. perfluorobutane can be used to fiU dried 
liposomes composed of dipalmitoyiphosphatidytcholine (OPPC) at temperatures between 3" C (the boiUng point of 
perfluorobutane) and below 40> C, the phase transition tempersrture of the lipid. In this ease, it would be most prefened 
to fin the l4»somes at a temperatore about 4< C to about S° C. 

(0055] Preferred mettiods for preparing the temperature activated gaseous precursor-filled liposomes comprise 
shaking an aqueous solulion having a ll|rid In the presses of a gaseous precursor at a temperature below the gel 
state to RquM crystalline state phase translGon temperahire of the OpW. The present Invention also provides a method 
Ibr preparing gaseous precursor-filled liposomes comprising shaking an aqueous solution comprising a fipid in the 
presence of a gaseous precursor, and separating the resulting gaseous precursor-filled liposomes for dlagnostk; or 
therapeutic use. Uposomas prepared by the fbregdng methods are referred to herein as gaseous piBcureoF-fiUed 
liposomes prepared by a gel state shaking gaseous precursor installation method. 

(OOSq Conventional, aqueous-filled liposomes are routinely fomrad at a temperature above the phase transition 
temperature of the fipid. since they are more flexible and thus useftjl in biofogical systems in the liquid crystalline state. 
See, for example, Szoka and Papahadjopodos. Prec. NallL Aead. Scf. 1978, 75. 4ig4-4198. In contrast, the liposomes 
made according to preferred embodimente of the methods of the present InvenUon are gaseous precursor-filled, whteh 
4mparts greater flexibility since gaseous precursors after gas formafion are more compressible and compliant than an 
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aqueous solution. Thus, the gaseous precursor-filled liposomes may be utilized In biological systems when formed at 
a temperature below the phase transition temperature of the lipid, even though the gel phase is more rigid. 
(0057] The methods of the present Invention provide for diaking an aqueous solution comprising a lipid in the pres- 
ence of a temperature activated gaseous precursor. Shakfrtg, as used herein, is defined as a motion that agitates an 

s aqueous solution such that gaseous precursor is introduced from the local ambient environment into the aqueous 
solution. Any type of motion that agitates the aqueous solution and results in the introduction of gaseous precursor 
may be used for the shaking. The shaking must be of sufficient force to allow the fonnation of foam after a period of 
time. Preferably, the shaking is of sufficient force such that foam is fonned within a short period of time, such as 30 
minutes, and preferably within 20 minutes, and more preferably, within 10 minutes. The shaking may be by microe- 

10 mulsi^ng, by microfluidizing, for example, swirting (such as by vortexing), sIde-to-side, or up and down motion. In the 
case of the addition of gaseous precursor In the liquid state, sonlcation may be used in addition to the shaking methods 
set forth above. Further, different types of motion may be combined. Also, the shaking may occur by shaking the 
container holding the aqueous lipid solution, or by shaking the aqueous solution within the container without shaking 
the container itself. Further, the shaking may occur manually or by machine. Mechanical shakers that may be used 

<s inciude,ftorexample. asiakertable. such as a VWR Sdentific (Cerritos, CA) shaker table, a microfluidizer, Wig-L-Bug™ 
(Crescent Dental Manufacturing, Inc.. Lyons. IL) and a mechanical paint mixer, as well as other known machines. 
Another means for producing shaking incfudes the action of gaseous precursor emitted under high vetodty or pressure. 
It wIH also be understood that preferably. wKh a larser volume of aqueous solution, (he total amount of force will be 
oorrsspondingly increased. VIgoreus shaking Is defined as at least about 60 sliaking motions per mt^^ andispre- 

» fenred. Vbitexbig at at least 1000 levoluOons per minute, an example of vigorous shaldi^, is more prefenred. Voitexing 
at 1800 revolutions per minute is most preferrad. 

post] The fonnation of gaseous precursor-filled Uposomes upon shaldng can be detected by the presence of a foam 
on the top of the aqueous solution. Wis is coupled wRh a decrease in the voluma of the aqueous solution upon the 
fonnation of foam. PrefsraUy. the final volume of the foam is at least about two times the inns^ 
» Bpidsolutkm;moreprefBreb^.lhefinaivolumeof1hefoamisatleastaboutthreellnieslheinillalvolumeoftheaqueous 
solutk)n; even more prefmliiy. the final volume of the foam is at least about fourfimes the ii^ vo^ 
solution; and most preferably, all of the aqueous lipM solution Is converted to foam. 

[0059] The required duration of sliaking time may be detemiined l>y detection of the ftmnafion of foam. For exampte. 
10 ml of lipid solution in a SO ml centrifuge tube may be vortexed for appreximately 15-20 minutes or until the viscosity 
of ttie gaseous prBCursor-filled liposomes becomes suffidentiy tMcfc so that It no longer dings to the side walls as it 
swiried. At this time, the foam may cause the solution containing the gaseous precursor-filled liposomes to raise to a 
level of 30 to 35 ml 

[0060] The concentration of l^ld required to form a preferred foam level will vary depending upon the type of lipid 
used, and may i>e readily determined by one skflled in the art, once amied with the present disclosure. For example. 
31 in preferred embodiments, the concentration of 1 .2-dipanmitoylphosphatidylchollne (DPPC) used to form gaseous pre- 
cursor-filled liposomes according to the methods of the present invention Is about 20 mg/ml to about 30 mg/ml saSne 
solutloa The concentration of distearoytphosphatidytcholine (DSPC) used in preferred embodiments Is about 5 mg/ml 
to about 1 0 mgMiI saline solution. 

[0061] Specifically, DPPC In a concentration of 20 mg/ml to 30 mg/ml, upon shaking, yields a total suspension and 
4> entrapped gaseous precursor volume four times greater than the suspension volume atone. DSI^ in a concentration 
of 10 mg/ml, upon shaking, yields a total volume completely devoid of any Gqukl suspension volume and contains 
entirely foam. 

(0062] It will be understood by one skilled in the art, once armed with the present disctosure, that the lipids or lipo^ 
somes may tM manipulated prior and 8ut>sequent to being subjected to the methods of the present Inventioa For 

« example, the lipid may be hydrated and then lyophilized. processed through freeze and thaw cycles, or simply hydrated. 
In prefen-ed embodiments, the lipid is hydrated and then lyophBized, or hydrated, then processed through freeze and 
thaw cycles and then lyophilized, prior to the formation of gaseous precursor-filled liposomes. 
P063] AcconSng to the mettiods of the present inventran. the presence of gas. such as and not limited to air, may 
also be provided by the local amtrient atmosphere. The kical ancient atmosphere may be the atmosphere within a 

so sealed ooidainer, or In an unsealed container, may be the external envbonment Alternatively, for example, a gas may 
be bijected into orothenwlse added to the container having the aqueous Bpid solution or into the aqueous lipid solution 
itself In order to provide a gas other titan air. Gases that are not heavier than Or may be added to a sealed container 
while gases heavier than air may be added lo a sealed or an unsealed container. Accordingly, the present invention 
includes coenlrapment of air and/or other gases akmg with gaseous precursors. 

ss (0064] Thepreferredmelhodsofthelnventionarecarriedoutatatemperaturebelowthegelstatetoliquidcrystaliine 
state phase transition temperature of the lipid employed. By "gel state to liquid aystalRne stats phase transition tem- 
perature*. It is meant the temperature at which a lipid bilayer %vPI convert from a gel state to a DquM oystailine slate. 
See. for exampte. Chapman et al.. J. BM. Cheat. 1974, 249, 2512-2521. The gel state to fiquid oystaHine state phase 
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transition Jefflperatures of varfous lipids vrti be readilyapparenttoth 

In Gregonadte ed.. Uposome Technology. Vol. 1. 1-18 (CRC Press, 1984) and Derek Mareh. CRC Handbook of 
a7aye/s(CRC Press. Boca.Raton.FL1990),atp. 139. See also Table I. below. Where the gel slate to liquid crystaitoe 
state phase transition temperature of the lipid employed is higher than room temperature, the temperature of the con- 
^n^J^l!^ regulated, for example, by providing a oooling mechanism to cool the container holding the lipid solution. 
lOOeg Since gaseous precursors (e.g. perfluorobutane) are less soluble and dlRusable than other gases, such as 
f''^ entrapped in nposomes even when the liposomes are composed of lipids in the 

Oqifld^ystanine state. Small liposomes composed of Dquld<iystalfine state Upid such as egg phosphatidyl choline 
toused to entrap a nanodroplet of perfluorobutane. For example, lipid vesldes with diameter of about 30 nm to 
about SO nm may be used to entrap nanodroplets of peiiluorDbulane with with mean diameter of about 25 nm After 
temparatoB adivated conversion, the precursor filled liposomes will create microspheres of about 10 mloons in di- 
ameter. The npid in this cae. serves Ae purpose of defining the size of the miciosphere via the small liposome The 
lipids also serve to stabilize the resultant miciDspheie size, in this case, techniques such as microemulsificatlon are 
pretorwJfor fonmlng the smaU liposomes which entrap the precursor. A ntoofluidizer (Micrefluidics. Newton. MA) is 
particulafVuseM for making an emulsion of smaO liposomes which entrap Ow gaseous piecufsor 



Table I 



Saturated Dlaqrt-sn-Glyceio^Phosphacholines Mato Chain Gel Stale to Uquld Ciystalllne Slate Phase 

Transition Temperatures 


# Carbons in Acyt Chains 


UquM Crystalline Phase Trandtion 'femperelim f> 0) 


1.2-<12K>) 


-IjO 


1.2-(13.-0) 


13.7 


1.2K14«) 


23.S 


1.2-{15:0) 


34.5 


1.2-{16:0) 


4iA 


1.2-{17:0) 


48.2 


1.2-{18:0) 


S5.1 


1.2.(19:0) 


61.8 


1,2^20K)) 


64.5 


1.2.(21:0) 


71.1 


1.2-(22K)) 


74.0 


1.2-(23K)) 


79.5 


1.2-<24«) 


80.1 



temperatufB of the rqM. since they are more flexible and thus usehjl in Uotogical systems in the liquM 
crystalline state. See. for example. Szoka and Papah«|fopoulOs. Pmc NM. Acad. ScL 1978. 75. 4194^198. In con- 
irast. the lipo«)mes made according to prefeired embodiments of the methods of the present invention are gaseous 
precursor-Wied. which imparts greater flexibiliiy since gaseous precursor is more oompressible and compPantman an 
aqueous solution. Thus, the gaseous precuisor-fiHed Bposomes may be utilized In biological ^rstems when fomied at 
a temperature below the phase transition temperature of the lipid, even though the gel phase Is more itoid. 

I !!1 apparatus for producing the temperature activated gaseous preeureor-filled aiwsomes using a 

gel state shatong gaseous precursor instPiation process is shown in Figure 1. A nMure of lipM and aqueous media is 
'".r^H*^ precursor installation to produce gaseous precuisor4illed liposomes. 

!'u'L^ *^ ^ oontinoous feed. Referring to Figure 1. dried lipids 51 fiom a lipid supply vessel SO are added via 
wndutt 59 to a mixing vessel 66 in either a continuous flow or as intefflritteni boluses. If a batch process Is uanzed 
Uie mixing vessel 66 may comprise a relatively smaH container such as a syringe, tost tube. boMe oriound bottoni 
flask, or a large container. If a oonlinuous fted process is utilized, the mixing vessel is preferably a laige conteiner. 
sucn as a vat • » > 

[006^ Where tfw gaseous precursor-filled liposomes contain a therapeutic compound, the therapeuUc compound 
may be added. forexample.inamannersimilartotheadditionof the lipid described above before thegaseouspiecurw^ 
installation process. Alternatively, the therapeutic compound may be added after the gaseous precureor instaflatkm 
process when the liposomes are coated on the outeide with the therapeutic compound 

^1 J".'^"'"\!? ^''^'^^ ^"^'^s 53. such as a sanne solution, from an aqueous media supply 
vessel 52, is also added to the vessel 66 via conduit 61. The lipMs 51 and the aqueous media 53 combine to fbmi an 
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aqueous fipid solution 74. Alternatively, the dried lipids 51 could lie hydrated prior to being li«troduced into the mixing 
vessel 66 so that Epids are introduced in an aqueous sdutton. In the preferred embodiment of the method for maldng 
liposomes, the Initial charge of solution 74 is such that the.solution accuines only a portion of the capacity of the mbdng 
vessd 66. Moreover, in a continuous process, the rates at which the aqueous lifrid solution 74 is added and gaseous 
i precursor-filled liposomes produced are removed is controlled to ensure ttiat the volume of lipid solution 74 does not 
exceed a predetermined percentage of the mixing vessel 66 capact^. 

[0070] The shaking may be accomplished by introdudng a Mgh velocity jet of a pressurized gaseous precursor 
directly into the aqueous lipid solution 74. Alternatively, the shaking may be accomplished by mechanically shaking 
the aqueous solution, either manually or by machine. Such mechanical shaking may be effected by shaking the mixing 

w vessel 66 or by shaking the aqueous solution 74 directly without shaking the mixing vessel itself. As shown in Figure 
1, in the prefeoed embodiment, a mechanical shaker 75, is connected to the mixing vessel 66. The shaking should t>e 
of sufficient intensity so that, after a period of time, a foam 73 comprised of gaseous precursor'^lted liposomes is 
formed on the top of the aqueous solution 74, as shown in l^ure 1 . The detection of the formatipn of the foam 73 may 
be used as a means for controlling the duration of the shaking; that Is, rather than shaking for a predetermined period 

M of time, the shaking may be continued until a predetermined volume of foam has been produced. 

[0071] The apparatus of figure 1 may also contain a means for controlling temperature such that Ifie apparatus may 
be mainlined at one temperature for the method of maldng the liposomes. For example, in the preferred embodiment, 
the methods of making liposomes are perfbmted at a temperature below the tMiDng point of the gaseous precursor. In 
the preferred embodmeni, a liquid gaseous precursor tills the Internal space of the liposomes. Attematively, the ap- 

» paratus may be maintained at alxxit the temperature of the llquM to gas transition temperature of the gaseous precursor 
such that a gas is contained in the liposames. Further, the temperature of the apparatus may be adjusted throughout 
the method of making the liposomes such that Vie gaseous pracureor begins as a liquid. Iwwever. a gas is incorporated 
into the resulting liposomes. In this embodiment, the temperature of the apparatus is acyusted during the method of 
making the rq)osomes such that the method begins at a temperature below the phase transition temperature and is 

2S a<Qusted to a temperature at alMut the ptiase transition temperature of the gaseous precursor. Accordingly, the vessd 
may be Ctosed and peiiodicaliy vented, or open to Itie ambientatmosphere. 

pumi In a prefenedeinbodiinent of the apparatus lOr making gaseous preairsor'^illediiposonras in which the iip^ 
employed has a gel to iiqukl ciystalline phase transllion temperature below loom temperahire. a means fbr 
aqueous lipid solution 74 Is provided. In the embodiment shown in Figure 1. cooling is accomplished by means of a 
30 jackd 64 disposed around the mixing vessel 66 so as to fbrm an annular passage surrounding the vessel. As shown 
in Figure 1. a cooling fluid 63 is forced to flow through this annular passa^ by means ofjacket inlet and outlet ports 
62 and 63, respectively. By regulating the temperature and flow rate cf the oooHng fluid 62, the temperature of the 
aqueous lipid solution 74 can t>e malntelned at the desired temperature. 

[0073] As shown in Rgure 1 , a gaseous precursor 55, which may be 1-fluorobutane, for example, is introduced into 
3S the mbdng vessel 66 along with the aqueous solufion 74. Air may be Introduced by utilizing an unsealed mixing vessel 
so that the aqueous solution is continuously exposed to environmental air. In a l>atch process, a fixed charge of local 
ambient air may be introduced by sealing the mixing vessel 66. If a gaseous precursor heavier Sian air Is used, the 
container need not be sealed. However, introduction of gaseous precursors that are not heavier than air will require 
that the mixing vessel be sealed, for example t>y use of a Ikl 65, as shown in Figure 1 . The gaseous precursor 55 may 
^ be pressurized in Oie mixing vessel 66, fOr example. Iiy connecting the mixing vessel to a pressurized gas supply tank 
54 via a conduit 57, as shown in Figure 1 . 

[0074] After the shaknig is completed, the gaseous precursor-filled liposome contelning foam 73 may be extracted 
from the mixing vessel 66. Extraction may be accomplished by inserting the needle 102 of a syringe 100, shown In 
Figure 2, into the foam 73 and drawing a predetermined amount of foam into the barrel 104 by withdrawing the plunger 
*f 106. As discussed further below, the locatkin at wtiich the end of the needle 102 is placed in the foam 73 may be used 
to control the size of the gaseous precursor-filled liposomes extracted. 

(00751 Alternatively, extraction may be accomplished by inserting an extraction tube 67 into the mixing vessel 66, 
as shown in Figure 1. If the mixing vessel 66 Is pressurized, as previously discussed, the pressure of the gaseous 
precursor 55 may be used to force ttie gaseous precursor-filled liposomes 77 from the miidng vessel 66 to an extractkm 

so vessel 76 via conduit 70. In the event that the mixing vessel 66 is not pressurized, the extraction vessel 76 may be 
connected to a vacuum source 58, such as a vacuum pump, via conduit 78, that creates sufTicient negative pressure, 
to suck the foam 73 into the extractkm vessel 76, as shown in Figure 1. From the extraction vessel 76, the gaseous 
precursor-fiUed liposomes 77 are introduced into vials 82 in wliich tliey may tw shipped to the ultimate user. A source 
of pressurized gaseous precursor 56 may be connected to the extraction vessel 76 as aid to ejecting the gaseous 

ss precursor-filled liposomes. Since negative pressure may result in increasing the size of the gaseous precursor-fifled 
liposomes, positive pressure is preferred tar removing the gaseous precursor-fllled iposomes. 
[0076] Filtration may be carried out in order to obtain gaseous precursor-filled t^iosomes of a substantially uniform 
size. In certain preferred emliodlments, the liltratkm assembly contains more than one filter, and preferably, the filters 
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are not immediately adjacent to each other, as illustrated In Figure 4. Before liltration. the gaseous precuisor-filled 
liposomes range In size from about 1 micron to greater than 60 microns (Figures SA and 6A). After filtrafion through a 
single filter, the gaseous precursor-filled liposomes are generally less than 10 microns hut particles as large as 25 
microns in size remain. Afler filtration through two (ilters (10 micron Ibltowed by 8 micron filter), almost all of the lipo- 
somes are less than 10 microns, and most are S to 7 microns (Figures SB and 6B). 

(0077] As shown in Rgure 1 , filtering may l>e accomplished by incoiporob'ng a filler element 72 directly onto the end 
of the extraction tube 67 so that only gaseous precursor-filled liposomes below a pre-determined size are extracted 
from the mixing vessel 66. Alternatively, or in addition to the extraction tube filter 72, gaseous precursor-filled liposome 
sizing may be accomplished i>y means of a fitter 80 incorporated into the conduH 79 that directs the gaseous precuisor- 
filled liposomes 77 from the extraction vessel 76 to ^e vials 82, as shown in F^ure 1. The filter 80 may contain a 
cascade filter assembly 124, such as that shown in Figure 4. The cascade filter assembly 124 shown in Figure 4 
comprises two successive filters 116 and 120, *wth filter 120 being disposed upstream of filter 116. In a preferred 
embodimenl. Ihs upstream filter 120 is a -NUCLEPORE" 10 jim filter and the downstream filter 116 is a "NUCXEPORE* 
8|im filter. Two 0.15 mm metallic mesh discs 115 are preferably installed on either side of the filter 116. In a preferred 
embodiment, the filters 116 and 120 are spaced apart a ira'nlmum of 150 by means of a Teflon™ O-ring, 118. 
{0078] In addition to filtering, sizing may also be aocompHshed by taking advantage of the dependence of gaseous 
precwsor-aied Kposome bucqrancy on size. Tlie gaseous precursor-filled liposomes have appreciably lower density 
than water and hence may float to the top of the mixing vessel 66. Since the largest Qposomes have ihe lowest density, 
they wai float nrastqukMy to the top. The smallesi liposomes win generally be last lo rise to t^^ 
precuTBor-fiBed lipid portion will sink to the bottom. This phenomenon may be advantageously used to size the gaseous 
precursor-filed liposomes by removing them llrom the mixing vessel 66 ^a a differential flotation piaoess. Thus, the 
setting of the vertical location of the extraction tube 67 within the mixing vessel 66 may control the size of the gaseous 
piecursor-faied liposomes extracted: the higher the tube, the iaiger the gaseous precursoMmed liposomes extradsd. 
Moreover, by periodically or continuously adUusting the verticai location of the extraction tube 67 within the mixing 
vessel 66. the size of the gaseous precwsor-iyied liposomes extracted may be oontraOed on an on-gcOig basis. Sudi 
extraction may be bciGlated by incorporating a device 68. which may be a threaded collar 71 mating wMi a threacfed 
sleeve 72 attached to the extraction tube 67. that allows the vertical location of the exiractibn tubeve witMn the ex- 
traction vessel 66 to be accuratdy adjusted. 

[0079] The gel state shaidng gaseous precursor installation process itself may also be used to improve sizins of the 
gaseous precursor-filled lipid based microspheres, bi general, the greater the intensi^ of the shaking energy, the 
smaller the size of the resulting gaseous precursor-filled Dposomes. 

[0080] The current invention also includes novel methods for preparing drog-oontaining gaseous pfecuisor.fflied 

liposomes to be dispensed to the ulUmate user. Once gaseous precuisor-filled liposomes are fonned. Oiof generally 

cannot be sterilized by heating at a temperature that would cause rupture. Therefore, it is desirable to form the gaseous 

precursor-filled liposomes from sterile ingredients and to perfbnn as little subsequent manipulation as possiUa to avoid 

the danger of oontaminalran. According to the current invention, this may be accomplished, for example, by sierflizing 

the mixing vessel containing the lipid and aqueous solution before shaldng and dispensing the gaseous preouisor- 

fined Dposomes 77 from the mixing vessel 66. via the extradkm vessel 76, direcUy into the barrel 104 of a sterile syringe 

100, shown in Rgure 2, without further processing or handling; that is, wrilhout subsequent sterilizatton. The syringe 

100, charged with gaseous precursor-filled Uposomes 77 and suitably padtaged, may then be dispensed to the ulUmate 

user. Thereafter, no further manipulation of the product Is required in order to administer the gaseous precursor-filled 

liposomes to the patient, other than removing the syringe from Its packaging and removing a protector (not shown) 

from the syringe needle 102 and inserting the needle Into the body of the patient, or into a catheter. IMoieover, the 

pressure generated when the syringe plunger 106 is pressed Into the barrel 104 will cause the laigest gaseous pie- 

arsor-filled liposomes to collapse, thereby achieving a degree of sizing without filtration. 

(0081] Where it is desired to filter the gaseous precursor-filled liposomes at the point of use, for example because 

they are removed liom Ihe extractkm vessel 76 without fiflration or because further filtration Is desired, the syringe 100 

may be fitted with He own filter 108, as shown in Figure 2. This results in the gaseous precursor-filled liposomes being 

dzed by causing themtobe extruded through the fitterlOS by the action of the plunger 108 when thegaseousprecursor- 

filled Sposomes aro iijected. Thus, the gaseous precuTBor-filted liposomes may be sized and injected Into a patient in 
one step. 

D>082] in order to accommodate ttie use of a singte or dual filter in the hub housing of the syringe, a non-standard 
syringe v»Hh hub housing is necessary. As shown in Figure 3, the hub that houses Ihe filter(s) are of a dimension of 
appnndmately 1cm to approxbnateiy 2 cm in diameter by about 1.0 cm to about 3.0 cm in tengttt with an inside diameter 
of about 0.8 cm for whkh to house the filters. The abnormally large dimensions for the filter housing in the hub are to 
accommodate passage of Ihe mterosphnes through a hub with sufficient suifaca area so as to decrease the pressure 
that need be applied to the plunger of the syringe, in lids manner, the mforospheres wiU not be subjected to an inordi- 
nately targe pressure head upon injectton, whkh may cause ru)iture of the microspheres. 
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10083] As shown in Figure 3, a cascade filter housing 110 may be fitted directly onto a syringe 112. thereby allowing 
cascade fatration at the pdnt of use. As shown in Figure 4. the filter housing 110 is comprised of a cascade filter 
assembly 124, previously discussed, incorporated between a lower coDar 122, having male threads, and a female 
collar 114, having female threads. The tower collar 122 is fitted with a Ijjer lode that allows It to be readily secured to 
the syringe 112 and the upper collar 114 is fitted with a needle 102. 

[0084] In preferred embodiments, the lipid solution is extruded through a filter and the lipid solution is heat sterilized 
prior to shaking. Once gaseous precursor-filled liposomes are formed, Ihey may be filtered for sizing as described 
above. Tlwse steps prior to the fonnation of gaseous precursor-filled liposomes provide the advantages, for example, 
of reducing the amount of unhydrated lipid and thus providing a significantly higlter yield of gaseous precursor-filled 
Eposomes. as well as and providing sterile gaseous precursor-fiDed liposomes ready for administration to a patienL 
For example, 8 mixing vessel such as a vial or syringe may be filled with a fiKered lipid suspension, and the solution 
may then be sterilized within tlie mixing vessel, for example, by autodaving. A gaseous precursor may be instilled into 
■he li|dd suspension to form gaseous pfecwsor-fiUed Oposomes by shaking the sterile vessel. Preferably, the sterile 
vessel is equipped with a filter positioned such that the gaseous ptecursor-filled liposomes pass through the filter before 
contacting a paUenL 

lOOSq The first step of this preferred method, exinjding the l^sotutian through a filter, decreases the an^ 
unlqrdrated lipid by brealdng up the dried liiM and exposing a greater surface area for hydrafion. Preferably, the filler 
has a pore size of alwut 0.1 to about 5 |un, mote pr^^bly, about 0.1 to about 4 iirn, even more preferabl^^ 
to about 2 |un, and even mora prafBiably, about 1 pnn most prefbraUy 0.22 iira. As shown in 
suspension Is filtaied (Figure 7B). the amount of unliydrated lipid is reduced wlien compared to a OfM suspension thai 
was not pre^erad (F^ure 7A). Unhydrated lipid appears as amoiphous dumps of noiHinifbnn dze and Is undeslralde. 
[OOSq ThesecondstBp.sterilizatlon.providesaoompositionthmmaybereadilyadntinisteredtoapalientPrefefab^^ 
stenlization is accomplished by heat sterilization, pfsfBiaUy, by autodaving the solution at a temperature of at least 
about 100° C. and nrare prefsrably, by airiodaving at abom 100" C to about 130° C. even more pieleiably. abo^ 
C to about 1 30° C. even more preferably, about 1 20° C to about 1 30° C, and most preferably, about 130° C. Preferably, 
heating occurs for at least about 1 minute, more preferably, about 1 to about 30 minutes, even more prefsraMy, about 
10 to about 20 minutes, and most preferably, about IS minutes. 

[0087] Where sterilization occurs by a process other than heat sterilization at a temperature which would cause 
nipture of the gaseous precursor-filled liposomes, sleiaization may occur subsequent to Ihe (omiation of the gaseous 
precursor-filled liposomes, and is preferred. Fbr example, gannna radiation may be used before andfor after gaseous 

precursor-filled liposomes are formed. 

[0088] Sterilization of the gaseous precursor may be achieved via passage through a 0.22 |im filter or a smaller filter, 
prior to emulsification in the aqueous me<fia. This can be easily achieved via sterile filtration of the contents directly 
into a vial which contains a predetermined amount of Orawise sterilized and stenle-fiOed aqueous carrier. 
[0089] Figure 8 illustrates the ability of gaseous precursor-fillad liposomes to successfully form after autodaving, 
which was earned out at 130° C for 15 minutes, folkiwed by vortexing for 10 minutes. Further, after the extrusion and 
sterilization procedure, the shaking step yields gaseous precursor-filled liposomes with little to no residual anhydrous 
lipid phase. Figure 8A shows gaseous precursor-filled liposomes generated after autodaving but prior to filtiation, thus 
resulting Inanurnber of gaseous precursor-fillediiposomeshavingasize greater than lOtun. Figure 8B shows gaseous 
precursor-filed liposomes a liitnrtton through a lOimi 14UCLEP0Re fUler, resulting to 
iun. 

[0090] The materials which may be utilized In preparing the gaseous precursor-filled lipid microspheres indude any 
of the materials or combinations thereof known to those skilled in the art as suitable for l^wsome preparation. Gas 
precursors which undergo phase transition 1mm a fiquid to a gas at ttielr boning point may be used In the present 
Inventkn. The Opids used may be of either natural or synthette o^in. The particular lipids are chosen to optimize the 
desired properties, e.g., short plasma halMife versus k>ng plasma half-life for maximal serum stability, it win also be 
understood that caitain lipids may be more efficacious for particular applications, such as the containment of a thera- 
peutic compound to be released upon rupture of the gaseous precursor-fiUed lipM microsphere. 
[0091] The lipid in the gaseous precursor-filled liposomes may be in the form of a single bilayer or a multilamellar 
bilayer, and are preferably multilamellar. 

[0O92| Gaseous precursors which may be activated by temperature may be useful in the present invention. Table 11 
fists examples of gaseous pracursore wliich undeigo phase transifions from fiquid to gaseous stotes at dose to normal 
body temperatore (37* C) and the size of Ihe emulsified droplets that would be required to form a nncrosphere having 
a size of 10 microns. The fist is composed of potentiai gaseous precursors that may be used to form temperature 
activated gaseous precursor-conlainiiig Dposomes of a defined size. The list should not be constreed as being Gmiting 
by any means, as to the possibilities of gaseous precursors for the methods of the present invention. 
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Table II 



Physical Characteristic 


s of Gaseous Precwsors and Diameter of Emulsified Droplet to Form a 10 (un 
Microsphere 


Compound 


Molecular Weight 


BoiHng Polnl (* C) 


Density 


Diameter Oun) of 
Emulsified droplet to make 
10 micron micros|^ere 


l-fluorobulane 


76.11 


32.5 


6.7789 


1.2 


2-methyl butane 
dsopentana) 


7Z.19 


27.8 


0.6201 


2.6 


2-m8thyl 1-butene 


70.13 


31.2 


0.6504 


2.5 


2-inethyl-2-buteflo 


70.13 


38.6 


0.6623 


2.5 


1-|)iitene-3-yne-2-in8lhyl 


66.10 


34.0 


a6801 


2.4 


3-methyl-1-butyne 


68.12 


29.5 


a6660 


2.5 


porfluoro mathane 


88.00 


-129 


3.034 


3.3 


poifluoio 6lhane - 


136.01 


-79 


1.590 


1.0 


perfluora butane 


238.03 


3.96 


1.6484 


2.8 


perfluoro pentane 


288.04 


57.73 


1.7326 


2.9 


octafluoro cydobutana 


200.04 


•5.8 


1.48 


2.8 


decafluoro butane 


238.04 


-2 


1.517 


3.0 


hexafluoro ethane 


138.01 


-78.1 


1.607 


2.7 


docecafluoro penlane 


288.05 


29.5 


1.664 


2.9 


octafluon>-2-b(itene 


200.04 


1.2 


1.5297 


2.8 


perfluoro cydobutane 


200.04 


•5.8 


1.48 


2.8 1 


octafluoro cydopentene 


212X)5 


27 


1.58 


2.7 


perfluoro cydobutene 


162 


5 


1.602 


2.5 


'Source: Chemical Kubber Company Handbook 
j eds. CRC Press. Inc. Boca Raton. Florida. (1989 - 


I ot chemisiiy and Physics Robert 
1990). 


C.WeastandDavidR.Ude. 



[0093] Examples of gaseous precursors are by no means limited to Table II. In fact, for a variety of different appli- 
cations, virtually any liquid can be used to make gaseous precursors so long as K is capable of undergoing a phase 
transition to the gas phase upon passing through the appropriate activation temperature. Examples of gaseous pte- 
cursora that may be used Indude, and ere by no means limited to, the following: hexafluoro acetone; isopropyl acety- 
lene; allene; tetrafluoroallene; boron trifluoride; 1.2-bota(flene; 1,3-butadiene; 1,3-butadiene; 1,2,3-trichtoro. 2-fluoro- 
1,34Hitadiene: 2-methyl,1.3 butadiene; hexafluoro-1,3-butadiene; butadiyne; 1-fluoro4>utane; 2-methyl-butane; de- 
cafluofo butane; 1-butene; 2-butene: 2-methy-1-tutene; S^nathyH-butene; perfluoro-1-butene: perfluoro-1-butene: 
peifluoR>-2-biitene; 1,4^phenyl-34utene-2-one; 2-melhyt-1-butene-3-yne; butyl nitrete; 1-butyne; 2-butyne; 2-chlo(o- 
1i1.1i4.4.4^»xalUioro*utyne; 3-methyl-1-butyne: perfluoro-2-butyna; 2-bromo-butyraklehyde; carbonyl sulfide; crot- 
ononHrile; qrdobutane; methyl-cydobutane; oetaffuoro<yclobutane; perfluora«yclobutene; 3H:hloro-cydopentene: 
peifluoro ethane: perfluoro propane; perfluoro butane: perfluoro pentane: perfluoro hexane:cyclopropane; 1,2-dime- 
thylHydopropane: l.l-dimethyl cydopropane; 1.2-dlinethyl (^dt^Hopane; ethyl cyclopropane; methyl cydopropane; 
diacatylene: 3«thyl-34nethyl dIazHdIne; 1.1.1-tflfluoRXfiazoethane; dimethyl amine; hexafluoro^imethyl amine; 
dimetliylethylamine; •Us-(Dimethyl phosphlne} amine; 2.3^methyt-2-no(bomana; peifluorodimethylamine; dmethyl- 
oxonIumchloride;1,3Klioxolane-2-one;peifluorocarbons such as and not Umnedto4HTiethyl.l,l,l.2-tetrafluoro ethane: 
l.l.l-tnUuorosthane: 1.1.2.2-tetralhioroethane: 1.1.2-tridiloro-1.2.2-tiffluaroethane; 1,1 dichloro^ne: 1.1-dichloro- 
1.2.2,2-lelrafluoro elhane; 1,2-dmuoro ethane; 1-chloro-1,1,2.2,2iientafluoro ethane: 2-chlofOy 1,1-difluoroMhane; 
1-chloro-l,1,2,2-tetrafluoro elhane: 2<hloro. I.l^difluoroelhane; diloroethane: chhmpentafluoro ethane; didilorolrif- 
luoroeihane; fluoro-^thane; hexafluoro^ethane; nitro^tafluoro ethane: nitrosoiientafluoro ethane; perfluoro ethane: 
peifluoro elhylandne; ethyl vinyl ether l.l-dtehtoro ethylene: 1,1-dichlofo-1.2-difluoro ethylene; 1,2-difluaro ethylene; 
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Methane: Methane-sulfonyl chloride-trifluoro: Methanesulfonyl fluoride-trinuofo: Melhanfr<pentafluoiothlo)trifluoro: 
Methane-bromo difluoro nitroso; Methane-bronto fluoro; Methane-bromo chtoro-fluoro; Methanebromo-trifluoio; Meth- 
an»«hloro difluoro nitro: Methane-chloro drnttro: Methanechloio fluoro: Methane-chloro (rifluoro: M8Uian&>chloro-<lif- 
luoro; Methane dibromo (Sfluoro: MethanesJichloro difluoro: Methane-dichloro-fluoro; Melhanedifluoro: Methane-dif- 
luoTOHOdo: Methane-disilano: Methane-fluoro: Methaneiodo: Methana-iodo-bifluoro: Methane-nitro-trifluoro; Melhane- 
nitroso-tiifluoro: Methane-tetrafluoro: Melhane-trichlorofluoro: Methane-lrifluoro: Methanesulfenylchloride-trifluora; 
2-Methyl butane: Methyl ether; Methyl isopropyl ether, Methyl lactate: Methyl nibita: Methyl sulfide: Methyl vinyl ether; 
Neon; Neopentane; Nitrogen (Nj): Nitrous oxide; 1 ,2.3-Nonadecane tmattxwylic acid-2-hydroxytrunethytester; 1-Non- 
ene-3-yne; Oxygen (Oa); 1, 4-Pentadlene; n^entane; Pentane-perfluoro; 2-Pentanone-4-amin&4-methyi; 1-Pentene; 
2-Pentene [ds]; 2-Pentene (trans); 1-Pentene^romo: 1-pentene^rfiuoro; Phthaflc acid-tebachloro: Pipertdino-2, 
3, 6-bimelhyl: Propane, Prapan»-1, 1, 1. 2, 2, Mexafluoro; Propane-1,2-epoxy: Propane-2,2 difluoro; Propane 2-anA- 
no, Propane-2-chIora: Propane-haplafluoro-l-fiilro; Propane4ieptafluoro-1-niboso: Propane-perftuoro; Propene; Pro- 
pyl-1,1,1,2,3,3-hexaRuoro-2,3 dichksro; Propylene-1>chloro: Propylenechloro-(bans); Propytene-2-chloro; Propytene- 
34)uoro; Propylene-perfluoro; Propyne; Propyne-3,3.3-lrifluoro; Styrene-3-fluoro: Sulfur hexafluoride; Sulfur (di)-de- 
cafluoro(S2F1 0); Toluene-2,4-diamino; Trifluoroacetonarile: Triiluoroinethyl peroxide; Tiifluoromethyl sulflde; TUngsten 
hexafluoride; Vinyl acetylene; Vinyl ethen Xenon; Nitrogen; air; and other ambient gases. 
(009^ Perihiorocaibons are the prefeired gases of the present invention, fluorine gas, peifluoromethane, perfluor- 
oelhane, peilluorobulane, perfluoropentane, peifluofDhexane; even more prefenabty perfluoroethane. perftuoropro- 
pane and peifluorobutane: most prefenably peifluoropropane and perfluorobutane as the more Inert perfluorinated 
gases are less toxic 

(O09q MicrospherBS of the present invention mchide and are not timitad to liposomes. Epld coatings, emulsions and 
potymers. 

[OOgq Upids which may be used to create BpM microspheres include but are not limited to: lipids such as fatty adds, 
lysoli|Ms, phosphatldytcholine with both saturated and unsatuiaied lipids including <fioleaylphosphalidyieiioline; dlmyr- 
istoylphosphaadlylcholine: dpentadecanoylphosphatldylcholine, dOauroylphosphatldyichoDne, dioleoylphosphalldyl- 
choOne, dipabniloylphosphatidylchoRne: dtstearoylphosphatidyichoHne: phospln&lytethanolambies such as dioieoyl- 
phosphatidytethanolamine; phosphatidylserine: phosphalidylglycerol; pho^atk^nositol, sphfngolipids sudi as 
spMngomyeGn: glycolipids such as ganglioside GM1 and GM2: glucolipids; sutbSdes; glyoosphingdipids; phosphaSdie 
add; palmitic add: stearic add; arachktonie add; oleic add; lipids bearing polymers such as polyathyleneglyool, chilin, 
hyaluronic add or potyvinytpyrrolidone: lipids bearing sulfonated mono-, dl-. oligo- or polysaccharides: cholesterol, 
cholesterol sulfate and cholesterol hemisucdnate; tocopherol hemlsucdnate, tiptds with ether and ester-^inl(ed fatty 
adds, polymerized lipids, diacatyt phosphate, stearylamine, canflolipin, phospholipids with short chain fatty adds of 
6-8 carbons in length, synthetic phospholipids with asymmetric acyl chains (e.g., with one acyl chain of 6 cartoons and 
another acyl chain of 12 carbons), 6-(5-cholesten-3^yloxy)-1-thlo-p-0-galactopyranoside, digalactosyldlglyceride, 
6-(5-cholesten-3(^yloxy)hexyl-6-an^no-6<>eoxy-1-thlo-{i-0-galactopyrBnoside. eK5<holesten-3p-ytoxy)hexyi-6-aml- 
no-G^xyt-l-thlOKX-O-mannopyranoside, 12-(((7'-diethylaminocoumarin-3-yt)carbonyl)methylamino)-octadecanote 
add: N-{12-({(r-<liethylaminocoumarin-3-yt)caft>OTyl)methyt-ani{no) octadecanoyq-2-aminopalmitic add; cholesteryl) 
4'-b1methyl-ammonio)butanoate; N-sucdnyMioleoylphosphatidylethanolamine; 1.2-dioleoyl-sn-glycerol;1,2-dipalmi- 
toyl-sn-3-sucdnylg)ycerot: 1 .3-<lipa]mitoyl-2-suocinylglyMrol:1-hexadecyl>2-palmitoytglycerophosphoethanolamine^ 
and palmiioylhomocysteine; and/or combinations thereof. The Bposomes may be fomnd as monolayeis or bllayers 
and may or may not have a coating. 

{0097} Upids bearing hydrophilic polymers such as potyelhyleneglycol (PEG), induding and not limited to PEG 2,000 
MW, 5,000 MW, and PEG 8,000 MW. are particularly useful far improving the stability and size distribution of the 
gaseous precursor-containing liposomes. Various dHferent mole ratios of PEGylated lipid, dipalmitoylphosphatidyleth- 
anolamine (OPPE) bearing PEG 5.000 MW, for example, are also useful; 8 mole percent OPPE is preferred. A preferred 
produd which Is highly useful for entrapping gaseous precursors contains 83 mole percent OPPC, 8 mole percent 
OPPE-PEG 5.000 MW and 5 mole percent dipatmitoylplto^hatidic add. 

[0098] in addition, examples of compounds used to make niixed systems indude, but by no means are limited to 
lauryftrimethylammonlum bromide (dodecyt-), ce^ttrimelhylamfflonium brontide (hexade<9t-}, myristyltrimethylammo- 
nlum bromide (tetradecyt-), alKyldimethya>enzylammonium cMOrids (alkyl=C12.C14.C16), benzyldlmethyldodecylanrt- 
monlum bromide/diloride, beroyldimethythexadecylamnnonium bromide^loride. benzytdimethyltetradecytammoni- 
um bnmMe/chloride, ce^rldlmethylethylammonium bromidefehloride. or cetylpyridinium bromide/chloride. Ukewise 
perihiorocaitions such as pentafluoro octadecyl iodide, periluorooctylbromide (PFOB). perfluorodecalin. perfluorodo- 
decalin. perlluoraoctyliadide, peifluoratripropyiamlne, and peifluorotributylamine. The perfiuorocartMns may be en- 
trapped in liposomes or stabilized in emulsions as is weU know in the art such as U.S. Patent No. 4.865,836. The above 
examples of lipid suspensions may also be sterilized via autodave without appredaUe change in the size of the sus- 
pensions. 

10099) If desired, either anionic or cationic lipids may be used to bind anionic or cationic itfiarmaceuticals. Cationic 
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lipids may be used to bind DMA and RNA analogues with in or on the sufiaca of the gaseous precursor-filled irtoo- 
sphere. A variety of lipids such as DOTMA, N-n-(2.3-<Soleoyloxy)propyl]-N.N,N-trimethylainmonium chloride; DOTAP. 
1,2-dioIeoyloxy-3-(lrimethylammonio)propane: and DOTB. 1.2-dioleoy<-3K4'-lrimethyl-ammonio)butanoyt-sn-glycerol 
may be used. In general the molar ratio of cationic lipid to non-cationic lipid in the liposome may be, for example. 1: 
1000, 1:100. preferably, between 2:1 to 1:10. more preferably In the range between 1:1 to 1:2.5 and most preferably 
1:1 (ratio of mole amount cationic lipid to mole amount non-cationic lipid, e.g., OPPC). A wide variety of lipids may 
comprise the non-calionlc lipid when cationic lipid is used to construct the microsphere. Preferably, this non-cationic 
Upid is dipalmitoylphosphaedyldtoane. dipalmitoylpho^atidylethanolamtne or dideoylphosphatidylethanolamine. In 
lieu of catiortic lipids as described above, lipids bearing cationic polymers such as polylysine orpolyarginine may also 
be used to construct the microspheres and afford binding of a negatively charged therapeutic, such as genetic material, 
to the outside of the microspheres. Additionany. negativety charged lipids may be used, for example, to bind positively 
changed therapeutic compounds. Phosphalidic add. a negatively charged Gpid, can also be used to complex ONA. 
This is highly surprising, as the positively charged lipids were heretofore thought to be generally necessary to bind 
genetic materials to liposomes. S to 10 mole percent phosphatidic add in the liposomes Improves the stability and size 
distribution of ttie gaseous precursor-filled liposomes. 

[0100] Other useful OpMs or combinations thereof apparent to those skilled in the art which are in Iceeplng witti the 
spirit of the present inventiort are also encompassed by the present invention. For example. cafbohydFate4>earing 
Hpids may be employed for In vivo targeting, as described In U.S. Patent No. 4.310,505. ttte disclosures of which are 
hereby incoiponted herein by reference in their entirety. 

10101] llM most prsfened HpUs are phospholipids, preferably DPPC and OSPC, and most preferably OPPC. 
[OlOq Saturated and unsatuialedfetlyaclds that may be used to generate gaseous piecursor-«ltedmicrespte 
prefiBraMy induda. but are not Hmiled to molecides that have between 12 caibon atoms and 22 carbon atoms bi either 
Hnear or branched fona Examptes of saturated HXtf adds that may be used include, but are not Bmiled to^ lauric 
myrisGc, palmitic, and stearic adds. Examples of unsaturated fet^ adds that nray be used include, but m 
to, iaurdeic physeteric. myrislofeic. palmitoleic. petaselinic. and oteic adds. Examples of branched fetty adds that 
may be used indude, but are not llmiled to. isdauric. isomyristic, isopalntilie, and isosteaiic adds and isoprenoid& 
(0103] Cationic polymers may t» bound to the Upid layer through one or more aOtyl groups or sterel groups which 
serve to anchor the cationic polymer into the Upid layer sumxmding the gaseous precursor. Cationic pofymere that may 
be used in this manner indude, but are not limited to, poiyfysine and poiyaiginine, and their analogs such as polyho- 
moarglnlne or polyhomolysine. The positivety charged groups of cationic lipids and cationic polymers, or petfluoro- 
alkylated groups bearing cationic groups, tor example, may be used to complex negatively charged molecules such 
as sugar phosphates on genetic material, thus txnding the material to the surface of the gaseous precursor-filled l^id 
sphere. For exanvle,calionicanalogsofamphiphilicperfluoroalky(atedbipyridines. as described in Garelli and V"^^ 
Biochim. Biophys AOa, 1992, 1127, 41-48, the disetosures of which are hereby incorporated herein by reference in 
their entirety, may be used. Alternatively, for example, negativety charged molecutes may be bound directly to the head 
groups of the lipids via ester, antide, ether, disulfide or th'oester linkages. 

[0104] Koactive materials, such as peptides or proteins, may be incorporated into the lipid layer provided the peptides 
have suffident lipophifidty or may be derivatized with alkyi or sterd groups for attachment to the lipid layer. Negatively 
charged peptides may be attached, for example, using cationic li|Mds or polymers as described above. 
I010S] One or more emulsifying or stabilizing agents may be Induded virith the gaseous precursors to tonnulate the 
temperature activated gaseous precursor-filled microspheres. The purpose of these emulsifying/stabilizing agents is 
twDfoM. Firstly, these agents help to maintain the size of the gaieous prec«08or-filied microsphere. As noted above, 
the size of these microspheres will generally affect the size of the resultant gas-fiBed microspheres. Secondly the 
emulsifying and stabilizing agents may be used to coat or slabilize the microsphare which results from the precursor. 
Stabilization of contrast agent-oxitaining microspheres is dedrable to maximize the /n vfvo contrast effect Although 
slabillzalion of the microsphere is preferred this is not an absolute requirement Because ttie gas-filled microspheres 
lasulting from these gaseous precursore are more steble than air, they may stai be designed to provide useful contrast 
enhancement: for example, they pass through the pulmonary drculation folkming peripheral venous injection, even 
when not specifically stebilized by one or more coating orennilsi^ng agents. One or more coating or stabilizing agents 
is preferred however, as are flexible stebilizbig materials. Gas mtorospheres stabilized by polysaccharides, gangSo- 
sides, and polymers are more efbctive than those stabilized by allMirmn and other proteins. Liposomes prepared using 
aliphatic compounds are preferred as microspheres steUlized with these compounds are much more flexible and stebte 
to pressure changes. 

(01 06] Solutions of Opids or gaseous precursor-fnied liposomes may be stebilized, for example, by the addition of a 
wide variety of viscosity modifiere, induding, but not Dmiled to carbahyAatas and tha'r phosphorylated and sulfonated 
derivatives: polyethers, preferably with molecuiar weight ranges between 400 and 8000; di- and trihydroxy alkanes 
and their polymers, prefiBrabty with molacular weight ranges between 800 and 8000. Glycerol propylene glycol, poly- 
ethylene glycol, polyvinyl pynoUdone. and polyvinyl alcohol may also be usefel as stebilizers in the present invention. 
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Particles which are porous or semi-soUd such as hydroxyapatite, metal oxides and ooprecipitates of gels, e.g. hyaluronic 
add with calcium may be used to formulate a center or nidus to stabilize the gaseous precursors. 
[0107] Emulsifying and/or solubiiizing agents may also be used in conjunction with lipids or liposomes. Such agents 
include, but are not limited to, acacia, diolesterol, dielhanolamine, glyceryl monostearate, lanolin alcohols, lecithin, 
mono- and di-glycerides, mono-ethanolamlne. oleic add. oleyl alcohol, poloxamer, polyoxyethytene 50 stearate, poly- 
oxyl 35 castor oil, polyoxyt 10 oleyl ether, polyoxyl 20 cetosteaiyt ether, polyoxyt 40 stearate, polysorbate 20, polys- 
orbate 40, polysorbate 60, polysorbate 60, propylene glycol diacetate, propylene glycol monostearate, sodium lauryl 
sulfate, sodium stearate, sorbitan mono-laurate, sorbitan mono-oleate, socbitan mono-palmilate, sorbitan monostea- 
rate, stearic acid, Irolamine, and emulsl^g wax. AH lipids with perfluoro fetty adds as a component of the lipid In lieu 
of the saturated or unsaturated hydrocarbon fatty adds found in lipids of planter animal origin may be used. Suspending 
and/or viscosity-increasing agents that n«ay be used with lipid or liposome solutions indude but are not limited to, 
acada, agar, alginic add, aluminum mono-stearate, bentontte, magma, carbomer 934P, caiboxymethylcallulose, cal- 
cium and sodium and sodium 12, glyceiDl, carrageenan, cellulose, dextrin, gelatin, guar gum, hydroxyethyl cellulose, 
hydroxypropyl methyloellulose. magnesium aluminum silicate, methylcellulose. pectin, polyethylene oxide, polyvinyl 
alcohol, povklone, propylene glycol, alginate, silicon dioxide, sodium alginate. Iragacanih, and xanthum gum. A pre- 
Ibired product of the present InvBiition Incorporates Bpid as a mbnd solved normal 
saline: glycarolipropylene glycol. 

{0108] The gaseous precursop4ilied Dposomes of the present Invention are preliBrebly comprised of an Impenneable 
maleiiaL Impetmeable material Is defined a material that does not perniit the passage ofa substantial amount of the 
contents of ihe liposome in typlcd storage oondllions. Substantial Is defined as greater than aboirt 50K of the oont 
the contents being both the gas as well as any other component encapsulated within the interior <rf the liposome, such 
as a therapeutic. fVefiefably, no.more than about 25% of the gas Is released, more prefBrably. no more ihan about 10% 
of the gas is released, and most preferably, no more than about 1% of the gas Is released during storage and prior to 
administration to a patlenL 

[0109] Atleastin part,thegaslmpermeabirityof gaseouspreouisor-IBIedliposomeshasbeenfoundteberelatedto 
the gel state to liquid crystelline stele phase transHion temperature. It is believed that generally, the higher gel stete 
to liquid crystelline state phase transition temperature, the more gas impenneable the liposomes are at a giwsn tem- 
perature. See Table I above and Oerek Marsh, CRCHaiutbook of Lipid Btta^ts (CRC Press, Boca fteton, FL 1990). 
at p. 139 for main chain melting transitions of saturated dia^l-sn-gVcero-3i>hosphodKiGnes. However, It should be 
noted that a lesser degree of energy cangenerallybe used to release a Iherepeutic compound from gaseous precursor- 
filled Dposomes composed of lipids with a lower g^ stele to liquid crystelline stele phase transition temperature. 
[0110] In certein preferred embodiments, the phase transition temperature of the lipid is greater than the internal 
body temperature of the patient to which they are administered. For example, lipids having a phase transition temper- 
ature greater than about 37° C are preferred for admrnistretion to humans. In general, microspheres having a gel to 
Gqidd phase transition temperature greater than about 20° C are ade<tuate and those with a phase transition temper- 
ature greater than about 37* C are preferred. 

[0111] In preferred embodimente, the liposomes made by the methods of the present invention are steble, stebility 
being defined as resistence to rupture from the time of formation unIB the application of ultrasound. The lipids used to 
constnict the microspheres may Ire chosen for stability. For exan^, gaseous precursor-fiHed liposomes composed 
of OSPC (distearoylphosphatidylcholine) are more stable than gaseous precursor-fDIed liposomes composed of OPPC 
(dipalntiloylphosphatidylcholine) and tttat these in turn are more steble than gaseous precursor-filled liposomes com- 
posed of egg phosphatidylcholine (EPC). Preferably, no more than about 50% of the liposomes njpture frem the time 
of fomation until the af^lication of ultrasound, more preferably, no more than about 25% of the liposomes rupture, 
even more preferably, no more than about 10% of the liposomes, and most preferably, no more than about 1% of the 
liposomes. 

[0112] The subject liposomes tend to have greater gas impermeability and stebility during storage than other gas- 
filled liposomes produced vta known procedures such as pressurizationor <^er techniques. At 72 houre after formation, 
for exampto. convantionatly prepared liposomes oflen are essentially devoid of gas. the gas having diffused out of the 
liposomes andfty the Rposomes having niptured andftw liised, resulting in a oonoomRant toss in reflectivity. In con>- 
paiisort, gaseous precursor-filled liposomes of the present invention malnteined in aqueous solution generally have a 
shelf life stebBity of greater than about three weeks, preferably a shelf life stebility of greater than about four weeks, 
nnrepreferabVashelf life stabiEly of greater than about five weeks, even more preferaUyashelf life stebilify of greater 
than about three months, and often a shelf Ufe stability that is even much longer, such as over six months, twelve 
months, or even two yeare. 

[0113] In addition, it has been found that the gaseous precursor-filled liposomes of the present Invention can be 
stebOized with lipids oovalenUy linked to polymere of polyethylene glyool. commonly referred to as PEGylated lipMs. It 
has also been found that the inoofporation of at least a small amount of negatively charged lipid Into any liposome 
membrane, although not required, Is beneficial to provMing liposomes that do not have a propensi^ to rupture by 
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aggregaUcm. By at leastasmall amount nis meant about lloaboutlOmole percent of the total lipid. Suitable negatively 
charged lipids, or lipids bearing a net negative charge, will be readily apparent to tlwse skilled in the art. and indude, 
for example, phosphatidylserine, phosphatidylglycerol, phosphatidic acid, and fatty adds. Liposomes prepared from 
dipalmitoylphosphatidylc^ine are most preferred as they are selected for their abiUty to rupture on applicatran of 
resonant frequency ultrasound, radiofl«quency energy, (e.g. microwave), andft>r echogenitity in addiOon to their sta- 
bility during delivery. 

{0114] Further, the liposomes of the invention are preferably suflidently stable in the vasculature such that they 
withstand recirculation. The gaseous precursor-filled liposomes may be coated such that uptake by the reticuloen- 
dotheli^ system is minimized. Useful coatings include, for example, gangliosides, glucuronhie, galacturonate. gulur- 
onate, potyethyteneglycot. polypiof^e glycol, polyvinylpyrrortdane, polyvinylaloohol, dextran, starch, phosphorylat- 
ed and sutfbnated mono, dl, Irt, oOgo and polysacchaiides and albumin. The liposomes may also be coated for purposes 
such as evading recognition by the bimtune system. 

(Oliq The Hpid used is also prafierebly flexible. Fleidbill^, as defined in the context of gaseous precuisor-iilled lipo- 
somes, is the aUfiV of a slnjctura to alter Hs shape, for example, in order to pass through an opening having a size 
smaller than the liposome. 

piiq Provided that Ihedreutationhalf^ife of the liposomes is suffidentiy long, the liposome 
through the target tissue whOe passing thrau(^ the body. Thus. t>y focusing ttie sound waves on (he selecied tissue 
to be treated, the ttieiapeutic will be released locally in the target tissue. As a further aid to torgeting, antibodias, 
carbohydrates, peptides. gVcopeptides. glyoolipids. lectins, and synthetic and natural polymers may also be incorpo- 
rated Into the surface of the liposomes. Other aids for targelmg include polymers such as poiyetttyleneglyool, polyvl- 
nylpyrrofidone, and poMnylalcohol, which may be Incorporated onto the surface via all^ation. acylalion, sterol groups 
or deiivatized head groups of phospholipids such as dioleoylphosphatidylelhanolanrine (DOPE), dipalmlloylphosphati- 
dylethanolamine(DPPE). ordistearay4>lMq>hatidylethanolamIne(DSPE). Peptides, antibodies, lectins. glyoopeptUes. 
digonucleotides. and glycoconjugates may also be incorporated onto the surfaces of the gaseous precuisor-filted Hpid 
spheres. 

(01 1 7] In certain prefemd embodiments, as an aid to the gaseous piecurBor Instillation process as vi«ll as to maintain 
the stability of the gaseous precursor-filled liposomes, for example, emulsifiers may be added to the lipid. Examples 
of emulsifiers Indude. but are not limited to. glycerol, cetyl alcohol, sorbitol, polyvtnyt alcohol, polypropylene glycol, 
propylene glycol, ethyl alcohol, sodium lauiyl sulfate. Laureth 23. pol^sorbales (all units), an saturated and unsaturated 
fatty adds, triethanolamine, Tween 20, Iween 40, IWeen 60, Iween 80, Po^sofbale 20, Polysorbate 40. POlysoibate 
60. and Polysorbate 80. 

[0118] For storage prior to use, the liposomes of the present invention may be suspended In an aqueous solution, 
such as a saEne sdution (for example, a phosphate buffered saline solution}, or simply water, and stored preferably 
at a temperature of between about 2° C and about 10* C, preferably at about V C. Preferably, the water is sterOe. 
[0119] Typical storage conditions are, for example, a non-degassed aqueous solution of 0.0% NaQ maintained at 

4*Cf6r 48 hours. The temperature of storage is preferably below the gel statotoliquldciyslalllnestoto phase tran^on 
temperature of the matedai fonning the liposomes. 

[01 20] Most preferably, the liposomes are stored in an isotoitic salfaie solution, although, if desired, the saline solution 
may be hypotonic (e.g., about 0.3 to about 0.5% NaCI). The solution also may be buffered, if desired, to provide a pH 
range of about pH 5 to about pH 7.4. Suitable buffers include, but are not limited to, acetate, dtrate. phosphate, bicar- 
bonate, end phosphate-buffered saline, 5%dexlrose, and physkiloglcal saline (nonnal saline). 
101211 Bacteriostatic agents may also be Included with the liposomes to prevent bacterial degradation on storage. 
Suitable baeietfostatic agents indude but are not limited to benzalkonium chloride, benzethonlum chloride, benzoic 
add, benzyl aloohal, butylparaben, oelylpyrfdinlum cMotMe, chlorobubflol. dilorocresol, mMhylparaben. phenol, po- 
lassiun benzoato. potassium sorbato. sodium benzoate and sorUc add. 

[01221 By 'gas-filled', as used herein, it is meant liposomes having an Inte^r volume that Is at least about 10% gas, 
preferably at least about 25% gas. more preferably at least about 50% gas. even more preferably at least about 75% 
gas, and inost preferably at toast about 00% gas. It «irin be understood by one sMHed in Ihe art. once amied «»ith the 
present disclosure, that a gaseous precursor may also be used. Ibllowed by acUvaUon to form a gas. 
[0123] Various biocompatible gases may be emptoyed in the gas4lled qposomes of the present Invention. Such 
gases indude air. nitrogen, carbon dioxide, oxygen, argon, fluorine, xenon, neon, heCum, or any and aO combinations 
thereof. Other suitable gases wUI be apparent to those skilled in the art once amied wHh the present disclosure. In 
addition to the gaseous precursors disdosed herein, the precursore may Iw co-entrapped with other gases. For ex- 
ample, during the transIUon from the gaseous precursor to a gas in an endosed environment contoining amtrient gas 
(as air], the two gases may mix and upon agitation and formatkin of microspheres, the gaseous content of the micro- 
spheres results in a mbcture of two or more gases, dependent upon the densities of the gases nuxed. 
[0124] The size of the liposomes of the present invention wUI depend upon the Intended use. With the smaller ^lo- 
somes, resonant frequency ultrasound win generally be higher than for the larger Oposomes. Sizing also serves to 
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modulate resultant liposomal biodistribution and deaiance. In addition to filtration, the size or the liposomes can be 
adjusted, if desired, by procedures known to one skilled in the art, such as extrusion, sonicab'on, homogentzation. the 
use of a laminar stream of a core of liquid introduced into an immiscible sheath of liquid. See, for example, U.S. Patent 
No. 4,728.578; U.K. Patent Application GB 2193095 A; U.S. Patent No. 4.728,575; U.S. Patent No. 4.737.323; Inter- 
national Application PCTAJS8Srt)il61; Mayer et al., Blochlmica et Biophysica Acta 1986. 858. 161-168; Hope et al.. 
Biochlmlca el Btophysica Acta 1985. 812, 55-65; U.S. Patent No. 4.533.254; Mayhew et al.. Metltods in Enzymology 
1987, 149. 64-77;Mayhewetal..B(bcft//n/caefSibp/q«;caActe 1984, 755. 169-74:Chengetal.fnv8st^a(n«R^ 
1987. 22. 47-55; PCT/US89/05040: U.S. Patent No. 4.162.282; U^. Patent No. 4 J10.505; U.S. Patent No. 4.921 .706; 
and L^xisomes Technology, Gregoiiadis. O. ed.. Vbl. I. pp. 29-37. 51-67 and 79-108 (CRC Press Inc. Boca Raton, 
FL. 1984). The disclosures of each of the inegoins patents, ptriMications and patent an)lications are incoiporated by 
reference herein, in their entirety. Extiuslon under pressure Ihrough pores of defined size is a piefened method of 
adjusting the size of the liposonnes. 

I012S] Since liposome size influences biodistribution. different size liposomes may be selected for various pu^ioses. 

For example, for Intiavascular application, the preferred size range is a mean outside diameter between about 30 

nanometers and about 10 ndcnms, with the preferable mean outside diameter being about 5 microns. 

[012q More spea'iically, for Intravascular appUcaten. the stEOOf the Rposomes is preferably about 10 pm or less in 

mean outside diameter, and preferably less than about 7 pm, and more preferably no smaller than about 5 nanometers 

in meanouiside diameter. PreliBrBbly, the iiposornes are no smanerthanaboulSOnanonneters in 

10127] To provide therapeutic deOveiy to oigans such as the iiver and to aiiowdiirerentialion of tumor 

tissue, sinalier Hposomes, belwwn about 30 nanometers and about 100 nanometers in mean outside diameter, are 

pieliBffed. 

(012q For embolization ofa tissue such as the Iddney or the lung, the Pposomes are preferably less than about 200 
nticrons in mean outside diametei: 

|l)12q For intranasal, intrarectal or topical adndnistration: Ihe microspheres are preferably less than about 100 mi- 
crons in mean outside (Sameter. 

(0130] l-argeripasanMs,e.g.,between1 8nd10micionsinsize,%«aigenerallybeoonlinedtolheinlravascuiarspaoe 
until they are cleared by phe^jocytic elements lining the vessels, such as the macrophages and Kuppfer cells finbig 
capillary sinuses. For passage to the cells beyond the sinusoids, smaller liposomes, for example, less than about a 
micron in mean outside diameter, e.g., less than about 300 nanometers in size, may be ulBized. 
(0131] The route of administration 6f the Dposomes wQI vary depending on the intended use. As one ^ed in the 
art would recognize, administration of therapeutic delivery systems of the present invention may be canied out In 
various feshions, such as intravascularty, intialymphaticafly. parenterally, subcutaneousty, Intramusculaity. intranasally. 
intrarectally. inlraperitoneally. Interstitially, into the ainvays via nebulizer, hypeitiailcally. orally, topically, or intiatumoriy. 
using a variety of dosage forms. One preferred route of adnUrdstrab'on is intravasculaify. For intravascular use, the 
therapeutic deliveiy system is generally ii^ed intravenously, but may be injected Intraaiterlally as well. The liposomes 
of the invention may also be injected interstitial^ or into any body cavity^ 

[01 32) TlM delivery of therapeutics from the liposomes of the present invention using ultrasound is best accomplished 
for tissues which have a good acoustic window tor the transmission of ultrasonic energy. This is Ihe case for most 
tissues in the body such as muscle, the heart the liver and most other vital structures. In the brain, in ord^ to drect 
the ultrasonic energy past the sicull a surgical window may be necessary. For body parts without an acoustic window, 
e.g. through bone, radiofrequency or microwave energy is preferred. 

(01 33] Additionally, the invention is especially useful in delivering therapeutics to a patient's lungs. Gaseous precur- 
sor-fiOed liposomes of the present invention are lighter than, for example, conventional liquid-filled liposomes which 
generally deposit in the central proximal ainiray rather than reaching the periphery of the lungs. It is therefore believed 
that the gaseous precursor-fined liposomes of the present invention may improve deilvaiy of a therai»utic compound 
to the periphery of the lungs, including the terminal airways and the alveoli. For application to the lungs, Ihe gaseous 
precursor-fWed liposomes may be applied through nebulization, for example. 

(0134J 2GC0f KposomesOfpid =83% OPPC«% DPPE-PEG 5,000/5% DPPA) entrapping air was placed in a nebulizer 
and nebuSzed. The resultiiq liposomes post neburization,«rare around 1 to 2 microns In size and were shown to float 
in Ihe air. Tliese size pattides appear ideal Ibr delivering drugs, peptides, genetic materials and other therapeutic 
compounds into the far reaches of the lung (i.e. terminal drways and alveoli). Because the gas tilled liposomes are 
almost as Bght as air, much lighler than conventional water filled liposomes, they float longer in Ihe air, and as such 
are better for delivering compounds into the distal lung. When DMA is added to these liposomes, it is readily adsorbed 

or bound to the liposomes. Thus, liposomes and rnicrospheres filled by gas and gaseous precursors hold vast potential 
for pulmonaiy dreg deBveiy. 

(01351 In applications such as the targeting of the lungs, which are lined with iipds. the therapeutic may be reteased 
upon aggregation of the gaseous pracureor-filted liposome with the lipids Oidng the tergeted tissue. Additionaliy. the 
gaseous precursor-filled liposomes may burst alter admlnistraUOn%vithoul the use of ultrasound. Thus, ultrasound need 
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not be applied to release the drug in the above type of administration. 

{0136] Further, tlie gaseous precursor-filled liposomes of the invention are espedaliy usefiil for therapeutics that 
may be degraded in aqueous media or upon exposiro to oxygen and/or atmospheric air. For example, the Bposomes 
may be filled with an inert gas such as nitrogen or argon, for use with labile therapeutic compounds. Additionally, the 
f gaseous precursor-filled Bposomes may be filled with an inert gas and used to encapsulate a labile tfierapeuticfbr use 
in a region of a patient that would normally cause ttte therapeutic to be exposed to atmospheric air, such as cutaneous 
and ophthalmic applications. 

[0137] The gaseous precursor-filled liposomes are also especially useful for transcutaneous deliveiy, such as a patch 
deliveiy system. The use of rupturing ultrasound may increase transdermal delivery of therapeutic compounds. Furttier. 
n a mechanism may t>e used to monitor and modulate drug deSveiy. For example, diagnostic ultrasound may be used 
to visually monitor the bursting of the gaseous precursor-filied liposomes and nnodulate drug delivery and/or a hydro- 
phone may be used to detect the sound of the bursting of the gaseous precursor-filled liposomes and modulate drug 
deOveiy. 

[0138] In preferred embodiments, the gas-filled liposomes are administered In a vehicle as Individual particles, as 
» opposed to being embedded in a polymeric matrix for the purposes of controlled release. 

[0139] For In vUm use, such as cell culture applications, the gaseous precursor-filled liposomes may be added to 
the cells in odtures and then incubated. Subsequently sonic energy, microwave, or thermal eneigy (e.g. simpio heating) 
can be applied to the culture media containing the cells and liposomes. 

[014q Generally; the therapeutic defivery systems of the invention are administered in the form of an aqueous sus- 
M pension such as in water or a saline solution (e^., phosphate buffered saline). Preferably, the «vater is sterile. Also, 
preterAly the saline solution is an isotonic saline solution, ailhough, if desired, the saline solution may be hypotonic 
(e.g.. about 0.3 to about 0.5% NaCQ. The sdution may also be buffered, if desired, lo provide a pH range of about pH 
5 to about pH 7 A. In addition, dextrose may be preferably included in the media. Further solutions that may be used 
fbr administration of gaseous pracursor-faied liposomes include, but are not limKed to almorid oil. corn ^ 
» oO. ethyl oleate. Isopropyl myiistate, isopropyi palmitate. mineral oil. myrislyl alcohol, odyldodecanol. dive ofl. peanut 
oil. peiste oil, sesame oil. soybean oO. squalene. myristyl deate, cetyl oleaie, myrislyl palndtate. as weO as 
urated and unsatunMed aiiQl chain alcohols (C><Z^ esterilied to allcyl chain faUy adds (0^-20^^ 
[0141] TheuseMdosageofgaseousprecursor^lledmlcrospherestobeadminlsteredandlheniodeofadminlstia- 
tion will vary depending upon Ihe age, we^ht, and mammal to be treated, and the paticular application (therapeutic/ 
30 diagnostic) intended. Typically, dosage is initiated at lower levels and increased unffl Ihe desired therapeutic e^ 
achieved. 

PI142] Foruselnultrasordc!mag!ng,preferably,theRposome$oftheinventionpossessafeflectivityofgreaterlhan 
2 dB, more preferably between about 4 dB and about 20 dB. Within these ranges, the highest reiiecQvity for the lipo- 
somes of the invention is exhibited by the laiger liposomes, by higher concentrations of liposomes, and/or when higher 

^ ultrasound frequencies are employed. 

[0143] For therapeutic drug delivery, the rupturing of Ihe therapeutic containing liposomes of the invention Is surpris- 
ingly easily canned out by applying ultrasound of a certain frequency to the region of the patient where therapy Is 
desired, after the liposomes have been administered to or have otherwise reached that region. Specifically, it has been 
unexpectedly found that when ultrasound is applied at a frequency corresponding to the peak resonant frequency of 

*o the therapeutic containing gaseous precursor-filled liposomes, the liposomes wiD nipture and release their contents. 
[0144] The peak resonant frequency can be detemilned dttier Ut vivo or In vitro, but preferably In vivo, by exposing 
the liposomes to ultrasound, receiving the reflected resonant frequency.signals and analyzing the spectrum of signals 
received to detennine the peak, using conventional means. The peak, as so determined, corresponds to the peak 
resonant frequency (or second harmonic, as it is sometimes termed). 

« (0145] Preferably, the liposomes of the invention have a peak resonant frequency of between about 0.5 mHz end 
about 10 mHz. Of course, the peak resonant frequency of the gaseous precursor-filled liposomes of the invention wBI 
vary dependii^ on the outside diameter and, to some extent, the elasticity or flexibaity erf Ihe liposomes. wHh the laiger 
and more dastic or flexibie liposomes having a tower resonaM linquency than ttie smaller and less elastic or flexible 
liposomes. 

so (014q The therapeutloxontaining gaseous precursor-filled liposomes wDI also njpture when exposed to non-peak 
resonant frequency ultrasound in combination with a higher intensity (waHage) and duration (time). This higher energy, 
however, results in greatly increased heating, which may not be desirable. By adjusting the frequency of the energy 
to match the peak resonant frequency, Ihe efficiency of rupture and therapeutic release is improved, appreciable tissue 
heating does not generally occur (fhK|uently no increase in temperature above about 2° C), and less overaU energy is 

ss required. Thus, application of ultrasound at the peak resonant fluency, while not required, is most preferred. 

(0147] For diagnostic or therapeutic ultrasound, aiv of the various types of diagnostic ultrasound imaging devices 
may be employed In the practice of the invention, the particular type or modd of the device not being criticai to the 
method of the invention. Also swtable are devices designed for administering ultrasonic hyperthermia, such dewces 
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being described in U.S. Patent Nos. 4.620.546, 4.658.828, and 4.586,51 2. the disclosures of each of which are hereby 
incorporated herein by reference in their entirety. Preferably, the device employs a resonant frequency (RF) spectral 
analyzer. The transducer prot>es may be applied externally or may be implanted. Ultrasound is generally initiated at 
lower intensity and duration, and then intensity, time, and/or resonant frequency increased until the liposome is visu- 
alized on ultrasound (for diagnostic ultrasound applications) or aiptures (for therapeutic ultrasound applications). 
[0148] Although application of the various principles will be readily apparent to one skilled in the art, once aimed 
with the present disdosura, by way of general guidance, for gaseous precursor-filled liposomes of about 1 .5 to about 
10 microns In mean outside diameter, the resonant frequency wiD generally be in the range of about 1 to about 10 
megahertz. By adjusting the focal zone to the center of the target tissue (e.g., the himor) the gaseous precursor-filled 
liposomes can be visualized under real time ultrasound as Ihey accumulate within the target tissue. Using the 7.5 
megaheru curved array transducer as an example, acQusting the power delivered to the transducer to maximum and 
adjusting the focal zone wHhin the target tissue, the spatial peak temporal average (SPTA) power wiH then be a max- 
imtun of approximately 5.31 nMlaif in water. This power will cause some release of therapeutic ftom the gaseous 
precursor-filled liposomes, iMJt mucii greater lelease can be aooomplished by using higher power. 
10149] By swilctiing the transducer to the dbppler mode, higher power outputs are available, up to 2.5 watts percni< 
from the same transducer. With the machine operating In dopplar mode, the power can be delivered to a selected focal 
zone wHhin the taigM tissue and the gaseous piecursor-fflled liposomes can be made to release their therapeutics. 
Seteding the liansduoer to match the resonaM frequency of the gaseous precursor-filled liposomes win IK 
process of therapeitfc release even mora effidenL 

[OlSiq Fbrlaigerdiame(BrgaseousprBcucsor-filledliposames.e.g..greaterlhan3mlefonsinmeanouts^ 
a lower frequency transducer may be more efiiBclive in accomplishing therapeutic release. For example, a lower fre- 
quency transducer of 3.5 megahertz (20 mm curved array model) may be selected to cooespond to the resonant 
f^quency of the gaseous precursor-filled liposomes. Using this transducer, 101 .6 miffiwatts per on? may be deBvered 
to the focal spot, and switching to doppler mode will increase the power output (SPTA) to 1 .02 watts per cm?. 
(01 51] To use the phenomenon of cavitation to release andfor activate the drugsyprodn^s within the gaseous pre- 
Guisor-filled Gposomes, lower frequency energies may be used, as caption occurs more eifedively at lower frequen- 
cies. Using a 0.757 megahertz transducer driven with higher voltages (as high as 300 volts) cavitation of solutions of 
gaseous precursor-filled liposomes will occur at thresholds of about 5.2 atmospheres. 

[01 52] Table III shows the ranges of energies transmitted to tissues from diagnostic ultrasound on commonly used 
instruments such as the Piconlcs Inc. (Tyngsboro. MA) Poitascan general purpose scanner wHh receiver pulser 1966 
Model ^1; the Picker (Oeveland, OH) Echoview 8L Scanner including SOC System or the AXedisonics (Mountain View, 
CA) Model 0-9 Versalone Bidirectional Doppler. In general, these ranges of energies employed in pulse repetition are 
useful for diagnosis and monitoring the gas-filled flposomes but are Insufficient to rupture the gas-fiDed liposomes of 
the present inventkm. 



Table III 



Power and intensities Produced hy Oiagnostle Equipment* | 


Pulse repetltton rate (Hz) 


Total ultrasonic power output P (n<W) 


AveragelntensityattransduoerfaoetTD I 
(W/m«) 


520 


45 


32 


676 


9.4 


71 


806 


6.8 


24 


1000 


14.4 


51 


1538 


2.4 


8.5 
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PH53] Higher energy ultrasound such as commonly employed in therapeutic uHrasound equipment is prefierred for 
activation of the thersfieutlc containing gaseous pracursor-filled liposomes. In general, theiapeufic ultrasound ma- 
chines employ as much as 50% to 100% duty cydes dependent upon the area of tissue to be heated by ultrasound. 
Areas with larger amounts of musde mass {l.e., backs, thighs) and highiy vascularized tissues such as heart may 
require the larger duty cyde, e.g., 100%. 

(0154] In diagnostic ultrasound, one or several pulses of sound are used and the machine pauses between pulses 
to receive the reflected sonic signals. The limited number of pulses used in diagnostic ultrasound limits the effective 
energy which is delivered to the tissue which is being imaged. 
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C0155I In therapeuUc ultrasound, conUnuous wave ultrasound is used to deliver higher energy levds. In using the 
liposomes of the present Invention, the sound energy may be pulsed, but continuous wave ultrasound is preferred. If 
pulsing is employed, the sound will preferably be pulsed in echo train lengths of at least about 8 and preferably at least 
about 20 pulses at a time. 

(01 sq Either fixed frequency or modulated frequency uttrasound n»y be used. Fixed frequency is defined wherein 
the frequency of the sound wave is constant over time. A modulated frequency is one in which ttte wave frequency 
changes over time, for example, fronn high to low (PRICH) or from tow to high (CHIRP). For example, a PRICH pulse 
with an initial frequency of 10 MHz of sonic energy Is swept to 1 MHz wth increasing powerfrom 1 to 5 watts. Fiicused, 
frequency modiJated. high energy ultrasound may increase the rate of local gaseous expansion within the liposomes 
and rupturing to provide local deliveiy of therapeutics. 

PISTI The frequency of the sound used may vary from about 0.025 to about 100 megahertz. Frequency ranges 
between about 0.75 and about 3 megahertz are preferred and frequencies between about 1 and about 2 megahertz 
are most piefisned. Commonly used therapeutic frequencies of about 0.75 to about 1.5 megahertz may be used. 
Commonly used diagnostic frequencies of about 3 to about 7.5 megahertz may also be used. For very smafl liposomes! 
e.g., below 0.S micron in mean outside diameter, h^er frequencies of sound may be preferred as these smaDer 
liposomes win absoib sonic energy nwre effectively at Mgher frequencies of sound. When very high frequencies are 
used, e.g., over 10 megahertz, the sonie energy win generally have OmitBd depth penetration Into fluids and tissues. 
External applicaaon may be preferred for the sUn and other stqieifidal tissues, but for deep structures, the appUeation 
of sonic energy via intsistilial probes or bilrBvascuiar ultrasound cathetere may be preferred. 
[Qisq VVhere the gaseous precursor-lilted Rposornes are used for herapeutic delivery, the therapeutic 
to be de livered may be enJwdded within the waP of the Bposome^ encapsulated in the Hposome andfty attached to the 
Sposome, as desired. The phrase "attached to" or variations thereof, as used herein in connection with the location of 
the therapeutic compound, means.lhat the ttwrapeutto compound is linked in some manner to the inside andfer the 
outside wall of the microsphere, such as through a oovalent orionie bond or other means of chemicaloretecttochendeal 
linkage or interaction. The phrase 'encapsulated in variations thereoT as used In oonnectton with the tocalton of the 
therapeutic compound denotes that the therapeutic compound is tocated in the inte«nal microsphere void. The phrase 
'embeddedwithin'or variations thereof as used In connection wHh the tocation of the therapeutic oonqxHind, signiftes 
thepositioningofthe therapeutic compound within the mkaospherevraO. The phrase 'oomprishgatherapeutirrdeno^ 
an of the varying types of therapeutic positioning In connedton ««th the microsphere. Thus, the therapeutic can be 
positioned variably, such as. for example, entrapped within the imenial void of thegaseousprecursor^fa^ 
situated between the gaseous precursor and the intemai waU of the gaseous precursor-fiDed mlcfosphere, incoiporated 
onto the external surfeoe of the gaseous preeursor-«ned mkaosphere and/br enmeshed within the microsphere struc- 
ture itself. 

(0159] Any of a varied of therapeutics may be encapsulated In the liposomes. By therapeutic, as used herein, it Is 
meant an agent having beneficial effect on the patient As used herein, the temi therapeutic is synonymous with the 
tenns contrast agent atvUor drug. 

(01 60J Examples of drugs that maybe deSvered with gaseous precursor-filJed liposomes may contain for dn;g delivery 
purposes, but by no means is fimited to; hormone products such as, vasopressin and oxytocin and their derivaOves. 
glucagon, and thyroid agents as todine products and antWhyroid agents; cardiovascular products as chelating agents 
and mercurial diuretics and cardiac glycosides; respiratory products as xanthine derivatives (theophyOine & emino- 
phylline); anti-infectives as aminoglycosides, antifungals (emirtioterlcin). penicillin and cephatosporin antibiotics, anti- 
viral ^ents as Zidovudine. Ribavirin. Amantadine. VkJaraWne. and Acyclovir, anti-helmintics, antimalarials, and an- 
titubencutous dn^s; btologicals as immune serems, antitoxins and antivenlns, rabies prophylaxis products, bacterial 
vacdnes. viral vaccines, toxoids; antineoplastics as nitrosureas. nitrogen mustanls, antimetabolites (lluotouraca, hor- 
mones as progestins and estrogens and antiestrogens; antibkitics as DacUnomycin: mitofic inhibitors as Etoposide 
and the Vinca alkaloids, Radtopharmaceuficals as redioactive todine and phosphorus produds: as «ran as Inteiferon, 
hydroxyurea, procarbazine. Dacariiazine, Mtotane. Asparaginase and cyclosporins. 

(0161] Genetic and bioacUve materials may be incorporated into the internal gaseous precursor-fiPed space of these 
Dposomes during the gaseous precursor instdbrtton process or into or onto the i^jid membranes of these particles. 
hoorporaUon onto Ihe surfeoe of Ihese partides is prefiarred. Genetic materials and btoactive products wHh a high 
octenoVWater paititton coefficient may be incorporated directly into the lipid layer surrounding the gaseous precursor 
but incorporation onto the surface of Ihe gaseous precursor-filled li|M"d spheres Is more prefened. To accomplish this, 
groups capabte of binding genetk; materials or btoactive materials are generally incorporated into the lipid layers wrtiich 
wiP men bind these materials. In the case of genetic materials (DNA. RNA, both singte stranded and double stranded 
and antisense and sense oKgonucteotMes) this is readily accomplished through the use of cattortic lipids or cationfc 
polymers which may be incorporated into the dried iipM startir^ materials. 

(01621 ltistheswprisingdisooveiyoftheinvenitonthatiiposomes.gas-filiedandgasprecursor-filled.whenproduced 
with phosphatMie add, e.g. dipaimUoylphosphatMk: add in molar amounte In excess of S mote % and preferably about 
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10 mole %, funcUon as h^hly etfecUve binders of genetic material. Such Hposomes bind DNA avidly. This is suiprising 
since positively charged liposomes vrore heretofore recognizad as most useful for binding DMA. Liposomes with S 
mole % to 10 mole % DPPA funcUon as highly effective gas and gaseous precursor retaining structures. Compositions 
incorporating phosphatidic acid are more robust for diagnostic ultrasound and useful for canying DNA as well as other 
phannaceuticals. 

[0 1 63] It is believed that nanopartictes, mtcropaitides, and emulsions of certain precursors are paiticularty effective 
at accumulating In ischemic and diseased tissue. Sudi precursors can be used for detecting ischemic and diseased 
tissue via ultrasound and also for deliverii^ dnigs to these tissues. By a>«ntiapping dnigs with the emulsions or 
nanopartides comprising the gaseous precursors said dnjgs can then be defivered to the diseased tissues. For exam- 
ple, emulsions of, sulfur hexafluortde, hesafluoropropylene, bromochlorofluoromethane, octafluoropropane, 
l.ldichloro.fluofo ethane, hexafluoioethane, hesafluoro-2-butyne. peifluoropentane. perfluorobutane, octafluoro- 
2-butene or hexafluorobuta-1 ,3-diene or octafluorocydopentene (2T C) can be used to deliver dnigs such as cardiac 
glycosides, angiogenic factors and vasoactive oompourxls to ischemic regions of the myocardium. Stmilaily, emulsions 
of the above precursors may also be used to deTiver antisense DNA or chemotherapeutics to lumois. It is postulated 
that subtle dtanges in temperature, pH and oxygen tension are responsible for the accumulation of certain precursors 
preferentially by diseased and Ischemic tissues. These precursors can be used as a delivery vehlde or in ultrasound 
for dnjg delivery. 

10164] Suitable therapeutics Include, but are not limited to paramagnetic gases, such as atmospheric air, which 
contains traces of oxygen 17; paramagnetic ions such as i*ti*\ GA*^ Fe*^ iron oxides or magnetite {JFe^O^ and may 
thus be used as susceptibility contrast agents for magneto resonance imaging (MRI), radioopaque metal ions, such 
as iodine, barium, bromine, or tungsten, for use as x-ray contrast agents, gases from quadnipotar nudd, may have 
potential for use as Magnetic Resonance contrast agents, anfineoplastic agents, such as platinum compounds (e.g., 
spiraplatin, dsplaUn, and catboptatbi), methotrexate, fluorouradi, adriamydn, laxd. mitomydn, ansamitodn, bleomy- 
cin, cytosina arablnoside, arabinosyl adenine, mercaptopolytyslne, vincristine, busulfon, chlorambuctl. melphalan (e. 
g., RAM, L-RAM or phenylalanins mustard), meccaptopurina, mitotane. procarbazine hydrochloride dactinomydn (ao- 
tinomytin O), daunorubidn liydrochloride, dOKoniUdn hydrochloride, mitomycin, pllcamydrt (mKhramydn), aminoglu- 
tethMda, estramustine phosphate sodium, flutamitfe. leuprelide acetate, megeslrol acetate. lamoxHien dtrate, testot- 
actone, trilostane, amsacrina (m-AMSA), asparaginase (L-aspaiaginase) Erwftia asparaginase, etoposide (VP-16), 
Interiisron a-2a, thterferen a-2b. teniposide (VM2Q, vinblastine sulfate (VUS). vincristine suifole, btsoinydn, Meomydn 
sulfote, methotrexate, adriamydn, and arsMno^, hydroxyurea, procarbazine, and dacartnzlne; mitotic inhlritors such 
as etoposide and the vinca aOcaloIds, radiopharmacsutieals such as radioactive iodine and phosphorus praduds; hor- 
mones such as progestins, estrogens and antieslrogens; anti4ielmintics. anOroalariais, and antitubereuiosis drugs; 
Uologicals such as immune serums, antitoxins and antivenins: rabies prophylaxis products; bacterial vaocbies: viral 
vaccines: aminoglycosides; respiratory products such as xanthine derivatives theophylline and amtnophyHine: thyroid 
agents such as iodine products and anti-thyroid agents; cardiovascular products Indudir^ chelating agents and mer- 
curial diuretics and cardiac glycosides; glucagon; blood products such as parenteral iron, hemin, hematopoiphyrins 
end their derivatives: biological response modifiers such as muramytdipeptide, muramyltripeptide, microMal ceD vraD 
components, lymphokines (e.g., bacterial endotonn such as fipopolysaccharide, macrophage activation fiado^, sub- 
units of bacteria (such as Mycobacteria, Corynebaderfa), the synthetic dipeptide N-acetyl-muramyM.-alany(-D-iso- 
glutamine: anti-fungal agents such as Icetoconazole, nystatin, grfseofulvin, flucytosine (5-FC), miconazole, amphoter- 
idn 8, ridn, cyclosporins, and ^ctam antibiotics (e.g., sutfazedn); hormones such as growtti hormone, melanocyte 
stimulating hormone, estradiol, bedomethasone dipropionate, betamethasone, betamethasone acetate and betame- 
tiiasona sodium phosphate, vetamethasone disotf urn phosphate, vetamelttasone sodium phosphate, cortisone ace- 
tate, dexamettiasone, dexamethasone acetate, dexamemasone sodium phosphate, flunsolide, hydrocortisone, hydro- 
cortisone acetate, hydrocortisone cypionate, hydrocortisone sodium phosphate, hydrocortisone sodium succinate, 
methylprednisolone, methylprednisolone acetate, methylprednisolone sodium sucdnate. paramettiasone acetate, 
prednisolone, prednisolone acetate, prednisolone sodium phosphate, prednisolone tertnjtate. prednisone, triamdndo- 
ne, triamdnolone aoetonlde, triamdnolone diacetate, triamcinolone hexacetonide and fludroooitisona acetate, oxytoc- 
in, vassopressin, and ttwir derivatives: vitamins such as cyanocolialamin nelndc edd, retinoids and derivatives such 
as retind palmitate, and a-tooopherd; peptides, such es manganese super oxide dimutase; enzymes such as alkaline 
phosphatase: ant»-allergic agents such as amelexanox; anticoagulation agents such as phenprocoumon and heparin; 
circulatory dnigs such as propranolot; metat>ollc potentiators such as ^utaUinne; antituberculars such as para-ami- 
nosalicylic add, isoniazld, capreomydn sulfate cycloserine, ethambutol hydrochloride ethionamide, pyrazlnamide. ri- 
fampin, and stieptomydn suibte; antiwrals such as acydovv. amantadine azidottiymidine (AZT or Zidovudine), ribavirin 
and vidarabine monohydrate (adenine arablnoside, ara-A); antianginals such as diitiazem, nifedipine, verapamil, eryth- 
rityl tetranltrate, isosorbide dinitrate, nitroglycerin (glyceryl trinitrate) and pentaeryOiritol tetranitrate; anticoagulants 
such as i^nprDcoumon. heparin; antibiotics such as dapsone, chloramphenicd, neomydn. cefador, cefadroxil. ce- 
phalexin, cephradine erythromydh, dlndamydn, Incomyidn. amoxicillin, ampldllin. bacampiciian. carbenldllln, dldoxa- 
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cflrin. cydacaiin, pidoxadllin. hetacillin. methicaiin, nafcillin, oxaaHin. penidllin, including penidlfin G, penicillin V, ticar- 
dllin rifampin and tetracydlne; antiinflammatories such as difunisal. ibuprofen, indomethacin, medofenamate. 
mefenamic add, naproxen, oxyphenbutazone, phenylbutazone, piroxicam. sulindac. tolmetin, aspirin and salicylates: 
antiprotozoans such as chloroqulrM. hydroxychloroquine, metfonidazola, quinine and meglumine antimonate; antirheu- 
matics such as penidllamine; narcotics such as paregoric: opiates such as codeine, heroin, methadone, morphine and 
opium: cardiac glycosides such as destanoside, digitoxin. digoxin, digitaCn and digitalis; neuromuscular blockers such 
as atracurium besylafe. gallamine triethiodide. hexafluorenium bromkte. metocurine Iodide, pancuronium bromide. 
sucdnylchoSne chloride (suxamethonium chloride), tubocurarine chloride and vecuronhitn bromide; sedatives (hypno- 
tics) such as amobarbita], amobarbital sodum, aprobaibital. butabarbital sodium, chloral hydrate, ethchlorvynol, eth(- 
namate, flurazepam hydrochloride, glutethimide, methotrinieprazine hydrochloride, methypiylon, midazolam hydre- 
chlofide, paialdehyd^ pentobarbital, pentobarilltal sodium, pherwbaibHal sodium, secotoartrital sodium, talbutal, 
temazspam and triazolam; local anesthetics such as buplvacaine hydrochloride, chloroprocaine hydrochloride, etido- 
caine hydrechloride, Otfocaine hydiochloride. meplvacaine hytbochloride, piocaine hydrochloride and tetracaine hy- 
diochioiide: general anesthetics such asdropeiWol, etomidate. fentanyl citrate with droperidol, ketamine hydrochloride, 
mettwhexital sodium and thiopental sodium; and radioactlva paifldes or Ions such as sIronUum. iodide rhenium and 
yttrium. 

(01651 In oeftalnprefened embodiments, the therapeutic is a nwnodonal antibody, such as a nnnodona^ 
capable of binding to melanoma antigen. 

(Oieq OlherprefenBd therapeutics Include gentfic material such as nudeieadds,ra4A, and DNA. of ein 
or synthetic origin. Including reoombinant RNA and DNA and airtisense RNA and DMA. tVpes of genetic material ttiat 
may be used indude. for example, genes carried on expression vectors such as plasmids, phagendds. cosmids. yeast 
artificial chrornosomes (YACs). and defective orlidpef'vinjses. aniigene nucleic acids, both single and douto 
ed RNA and ONA and analogs thereof, such as phosphorothioate, phosphoroanMale, and phosphoiodithiaata ol^ 
deoxynudeotides. Additionally, the genetic material may be comlrined, for example, with proteins or other polymefs. 
(0167] Examples of genetic therapeutics that may be applied using the Bposomes of the piasent Invention Include 
ONA encoding at least a portion of an HLA gene, ONA encoding at least a portion of dystrophin. DNA encoding at least 
a portion of CFTR. DNA encoding at least a portion of IL-2. DNA enoo<Ong at least a portion of TNF, an anUsense 
oligonudeotide capable of binding the DNA encoding at least a portion of Ris. 

10168] DNAencodingcertainprotelnsmaybeusedinthetreatmenfofmanydifferenttypesofdiseases. Forexample, 
adenosine deaminase may be provided to treat ADA defldency; tunw necrosis factor and/or lnterteukljv-2 may be 
provided to treat advanced cancers; HDL receptor may be provided to treat liver disease; thymidine kinase may be 
provided to treat ovarian cancer, brain tumors, or HIV infection; H1.A-B7 may be provided to treat mal^nant melanoma: 
interieukin-2 may be provided to treat neuroblastoma, mafignant melanoma, or kidney cancer; interteuMn-t may be 
provided to treat cancer: HIV env may be provided to treat HIV infection: antisense ras/p53 may be provided to treat 
lung cancer and Factor VIII may be provided to treat Hemophilia B. See. for example, Thompson, L. Science 1992. 
SS8. 744-746. 

10169] If desired, more than one therapeutic may be applied using the liposomes. For example, a single liposome 
may contain more than one therapeutic or liposomes oonlaMng (OITerent ttierapeutics may be co-administered. By 
way of example, a monodonal antibody capable of binding to melanoma antigen and an oligonudeotide encoding at 
leasta portion of IL-2 may be administered at the same time. The phrase "at least a portion of," as used herein, means 
that the entire gene need not be represented by the oligonudeotide, so long as ttie portksn of the gene represented 
provides an effective Mock to gene expresskm. 

[0170] Simaarty, prodn^ may be encapsulated in ttie liposomes, and are induded within ttw ambit of ttie tenn 
therapeutic, as used herein. Prodrugs are well known in the art and indude inactive dnq precursors whteh, when 
exposed to high temperature. metaboBzing enzymes, cavitation anOlor pressure, in 0ie presence of oxygen or oUter- 
wise. or when released fiom the liposomes, wiH (bnm active dnigs. Such prodnjgs can be activated from, or released 
ftom. gas-fDIed Hpld spheres In the method of the invenlton. upon the applicatton of ultrasound or radiofr«quency mi- 
crowave energy to the prodnig^ontalnbig fiposomes with the resultant cavitation, heating, pressure, and/or release 
liom ttie Dposomes. Suitabte prodnigs win be apparent to those skilled bi the ait. and are described, tor example, in 
SinkulB et al.. J. Phmn. Sd. 1975, 64. 181-210. the dlsdosure of «vhich are hereby bKorporated herein by reterenoe 
In its entirety. 

(01 71] Prodnigs. for example, may comprise Inactive fornis of the active dnigs whei^ a chemical group is present 
on ttie prodrug which renders it Inactive andtor confers solubility or some ottier property to the drug. In this fbmi. ttw 
prodnigs are generally inactive, but once the chemical group has been deaved ftom the piodnjg. by heat cavitation, 
pressure, and/or by enzymes in the sunounding environffleni or ottienvise. the active dnig is generated. Such prodnigs 
are well described in ttie art, and comprise a wide variety of dnigs bound to chemical groups thnxigh bonds such as 
esters to short, medium or long chain aliphatic carbonates, hemiesters of organic phosphate.'pyrDphosphate. suIMe, 
amides, amino adds, azo bonds, carbamate, phosphamide. sfucosMuronato. N-acetylgluoosambie and ^luooskia. 
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[01 72] Examples of drugs with the parent molecule and the reversible modification or linkage are as follows: oonval- 
latoxin with ketals, hydantoin with alkyi esters, chlorphenesin with glycine or alanine esters, acetaminophen with caf- 
feinecomplex, acetylsalicylic add wiUi THAM salt, acetylsalicylte acid with acetamidophenyt ester, naloxone with sulfate 
ester. 1 S-methylproslaglandin Fj^ with methyl ester, procaine with polyethylene glycol, erythromycin with alkyl esters, 
clindamycin with alkyl esters or phosphate esters, tetracycline with betaine salts, 7-acylaminocephalosporins with ring- 
substituted acyloxytjenzyt esters, nandrolone with phenytpr(q>rionate decanoats esters, estradiol with end ether acetal, 
methylprednlsohMie with acetate esters, testosterone with n-aoelyl^uoosamlnide gtucosidiironate ^methylsayl) ether. 
Cortisol or prednisolone or dexametfiasone Mlh 21-phosphate esters. 

[0173] Prodrugs may also be designed as reversible drag derivatives and utilized as modifiers to enhance drug 
transport to site-specific tissues. Examples of parent molecules %viih reversible modifications or linkages to influence 
transport to a site spedfia tissue and for enhanced therapeutic effect Inchida isocyanate with haloalkyi nitiosurea, 
testosterone with propionate ester, methotrexate (3-5'-dichloromethotrexate) with diaOcyl esters, cytosine arabinoside 
with 5'<acylate, nitrogen mustard (2,2'-(fichloiD-N-melhyldiettiyiamina). nitrogen mustard with aminomethyl tetracycline, 
DHngen mustard with cholesterol or estradiot or dehydroepiandrosterone esters and nitrogen mustard with azoben- 
zene. 

P174 As one skilled in the art would recognize, a paitiodar chemical group to modify a given dnjg may be selected 
to influence the partitioning of the drug into either the membrane or the internal space of the liposomes. The bond 
setected to link the chemical group to the dnjg may be selected to have Ihedesirad rats of metabolism, e.g., hydrolysis 
in ttw case of ester bonds in the presmwa of serum esterases aRerreleaseliwnlhegaseaus precursor-fined liposomes. 
Additionally, the particular chemical group may be selected to iiifluence the Uodistiibulkm of th^ 
gaseous precursor-filled drug carrying liposome invenlkxi. e.g.. NJ4-fais{2-chlonelhyiHihosphorodianildlc add %vHh 
cyclic phosphoramide for ovarian adenocarcinoma. 

[017S) Addltk)natly.theprodrugsempk>yediirithinthegaseousprecur8w4aiedliposornesmaybedesignedtoc^^ 
reversible derivatives which are utilized as modifiers of duration of adivify to provide, protong or depot action effects. 
For example, nicotinic add may be modified with dexiran and carbo^meiMydexlran esters, streptomycin with algirric 
add salt dihydrostreptomydn with pamoate salt cytarabina (ara<9 with S'-adamantoata ester. ara«lenosine (are- 
A) wHh 5-palmitate and ff-benzoate esters, amphoteridn B with methyl esters, testosterone wHh 17-p«lkyl esteis, 
estradid with ibrmate ester, prostaglandin with 2-<4-{midazolyl)ethyiamine salt dopamine with amino add anddes, 
chloramphenicol with mono- and bis(tfimethylsllyl) ethers, and cydoguanil vwith pamoate salt In this form, a depot or 
reservoir of long-acting drug may be released In vivo from the gaseous precursor-filled prodrug bearing liposomes. 
[0176] In addition, compounds which are generally thermally laMe may be utilized to create toxte free radical com- 
pounds. Compounds with azolinkages, peroxides and disulfide linkages which decompose «»ilh h^h temperature are 
preferred. With this form of prodrug, azo. peroxMe or disulfide bond containing compounds are activated by cavitation 
and/or increased heating caused by the interaction of high energy sound with the gaseous precursor-filled liposomes 
to create cascades of free radicals from these prodrugs entrapped therein. A wide variety of drugs or chemicals may 
constitute these prodrugs, such as azo compounds, the general strocture of such compounds being R-N=N-I^ wherein 
R is a hydrocarbon chain, where the double bond between the two nitrogen atoms may read to create free radical 
products At vfvo. 

[0177] Exemplary dnigs or compounds whkA may be used to create free radical products indude azo containing 
compounds such as azobenzene. 2,2'-azobisisobutyronitrile. azodk:art>onamide. azolitmin. azomydn. azosemide, azo- 
sulfamkle, azoxyt>enzene. aztreonam, sudan 111, sulfachrysddine. sulfamidodnyBddine and sulfasalazine, compounds 
containing disulfide bonds such as sulbentine, thiamine disulfide, thidutln. tMram. compounds containing peroxides 
such as hydrogen peroxide and benzoylperoxide. 2,2'-azobisisabutyronitrile. 2,2'-azobis(2-amidopropane) dihydro- 
chtoride. and 2.2'-azobls(2.4-dimethyivaleronjtrile). 

[0178] A gaseous precursor-fined liposome filled with oxygen gas should create extensive bee radicals with cavita- 
fion. Also, metal ions from the transition series, espedally manganese, Iron and copper can increase the rate of fbr- 
maOon of readive oxygen bitemwdiatesfinm oxygen. By encapsulating metal Ions within the liposomes, the formatkxi 
of free radicals Ut vftocan be increased. These metal ions may be incorporated into the Bposomes as free salts, as 
complexes. e.g., wHh EOTA. OTPA. OOTA or desbnfcixamine, or as oxkles of the metal tons. Additionally, derivatized 
complexes of the metal ions may be bound to lipid head groups, orlipophinccomplexes of the ions may be incorporated 
mtoalpidbilayer, forexample. When exposed tothermalstimulatioa e.g.. cavitation, these metal ions then will increase 
the rate of formation of reactive oxygen intennediatas. Further, radtosensitiziers such as metronidazole and misonkla- 
zde may be incorporated into the gaseous precursor-filled liposomes to create free radicals on thermal stimulatkm. 
[0179] By way of an example of the use of prodrugs, an acylated chemical group may be bound to a drug via an 
ester linkage which would readily deave Ai vAo by enzymatic action in senmt The ac^ted prodrug is incorporated 
into the gaseous precursor-filled liposome of the invention. The darivalhws. In addition to hydrocarbon and substituted 
hydrocarbon alkyl groups, may also be composed of hato substituted and peitiato substituted groups as perfluoroalkyl 
groups. PerfluoroaHcyl groups should possess the atflity to stabilize ttie emuiston. When the gaseous precursor-filled 
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liposoma is popped by the sonic pulse from the ultrasound, the prodrug encapsulated by the liposome will then be 
exposed to the serum. The ester linkage is then cleaved by esterases in the serum, thereby generating the drug. 
[0180] Simitaily, ultrasound may be utilized not only to rupture the gaseous precursor-filled liposome, but also to 
cause thermal effects which may increase the rate of the chemical cleavage and the release of the active drug from 
the prodrug. 

[01 81] The liposomes may also l>e designed so that there is a symmetric or an asymmetric distribution of the drug 
both inside and outside of the liposome. 

[01 82] The particular chemical structure of the therapeutics may be selected or modified to achieve desired solubility 
such that the therapeutic may either be encapsulated wthtn the Internal gaseous precursor-filled space of the liposome, 
attached to the liposome or enmeshed In the liposome. The surface-bound therapeutic may bear one or more acyt 
chains such that when the bubble is popped or heated or niptured via cavitation, the acylated therapeutic may then 
leave the surfoca and/or the therapeutic may be cleaved from the acyi chains chemical group. Similarly, other thera- 
peutics may be fbnmilated wim a hydrophobic group wMch is arematk: or sterol in sIruciurB to irw^^ 
surfeoe of the liposome. 

[0183] The present Invention is fuilher described In the following examples, which Blustrate the preparation and 
testing of the gaseous precursor-fiDed liposomes. Examples 1-5, and 22-24 are actual; Examples 6-21 are propheti& 
The fbltowing examples should not be conslnied as iimiiing the scope of the appended daims. 

Example 1 : Preparation of Qas-FIIIed Lipid Spheres from Perfluoiebulane 

IP184 6aseousprecursor-coMainingl4)oso(neswerepreparedusbigpei1luorobutaiie(PfBltzandBaiier,VW^^ 
CT) as tbdows: A 5 mL soiufion itf fipid. 5 mg per mi. Bpid » 87 mole percent DPPC, B mole percent DPPE4>E6 5.000. 
5 mole percent dlpaimNoyiphosphatidic add (aa lipids torn AvanB Polar UpMs, Alabaster. Ag. bi 8:1 :1 nomial saline: 
glycerotrprDpytene glyool, was placed in a glass botVe with a nibber stopper (volume of bottte » 15.8 mi). Air was 
evacuated from the boUe using a vacuum pump. Model WUch 2-Stage DiracToir Pump (VWR Sdenlilie. CenHos, CA) 
by connecting the hose to the botUe through a 18 gauge needle wMch peifbreted the njbber stopper. After removing 
the gas via vacuum, perfliiorobutane was placed in the stoppered battle via another 18 gauge needle connected to 
tubing attached to the canister of perfluorobutane. This process was repealed 5 fimes such that any traces of air were 
removed from the stoppered bottle and the space above the Rpid solution was completely filled with p^orobutane. 
The pressure inside the glass bottle was equOibreled lo amUent pressure by allowiiig the 18 gauge needle to vent for 
a moment or two before removing the 18 gauge needle from the stopper. After filSng the bottle with perfluorobutane 
the botUa was secured to the arms of a Wig-L-Bug™ (Crescent Dental Mlig. Co., Lyons, IL) using robber bands to 
festen the bottle. The bottle was then shaiten by the Wig-L-Gug" for 60 seconds. A frothy su^ension of foam resulted 
and it was noted that K toqk several minutes for any appreciable separation of the foam layer fltom the dear sohillon 
at the bottom. After shaking, the volume of the material Increased from 5 cc to about 1 2 cc, suggesting lhat Ihe liposomes 
entrapped about 7 cc of the pertiuorocarbon gaseous precursor. The material was sized using an Accuslzer (Model 
770, Partide Sizing System, Santa Bartwra, CA) and also exannined by a light polarizing microscope (Nikon TMS, 
Nikon) at 150 X magnification power. The liposomes appeared as rather large spherical structure with mean diameter 
of about 20 to 50 microns. A portion of these liposomes was then injeded via a syringe through a Costar filter (Syrfil 
800938, Costar, Pleasanton, CA) with pore sizes of 8 micrms. The liposomes were again examined via fight microscope 
and the Aocusizer System. The mean size of the liposomes was about 3 microns and the volume weighted mean was 
about 7 microns. Greater that 99.9 percent of the liposomes were under 11 microns in size. TTie above experiment 
exhibits the use of a gaseous precursor gas, perfluorobutane, can be used to make very desirable sized liposomes by 
a process of shaking and filtration. 

(01 85) The above was substantially repeated exce|d that after firmg the bottle with perfluorobutane at room temper- 
ature the bottle was then transferred to a freezer and the material subjected to a temperature of -20° C. At this tem- 
perature the perfluorobutane tiecame ik|uM. Because of the glycerol and propylene glycol, the lipid solution did not 
freeze. The battle was qdddy transfeired to the Wig-L-6ug™ and subjected to shaking as described above tor three 
cydes. one minute each, at room tsmperatire. During this time the oontems of the bottle equilibrated to room ten^r- 
ature and was noted to be sSghdy warm to the toiKh secondary to the energy imparted through shaking by the Wig- 
L-Bug™. At the and of vortexing a large volume of foam was again noted sinrdiar to lhat described above. The resulting 
nposomes were again studied by GgM microscopy and Accuslzer. AporUon was then sufajecledtofillratton sizing thro^^^ 
an 8 micron filter as described above and again studied by microscope and Aecusizer. The results from sizing were 
substantially Ihe same as with the gaseous precursor as described above. 

|018q imaging was perfbmted in a New Zealand White rabbit weigidng about 3.5 kg. The animal was sedated with 
labbiimix (Xylene 10ing/m^.K8tanUne 100 mg/M and Acepromazine 20 mgrmi) and scanned with an Ac^ 
Model No. 7200. dinicai ultrasound machine, scanning ihe kMney by colar doppier with a 7.5 MHz bansducer. Simul- 
taneously while the kidney was scanned the rabbits heart was also scanned using a second Acoustic Imaging tdlia- 



26 



EP 1252 885 A2 



sound machine, model n. $200, wtlh a 7.5 MHz transducer for grey scale Imaging of the heart. Injection of the peifluor- 
obutane-GDed liposomes was administered via ear vein through a syringe fitted with a 8 micron filter (see above). After 
injection of 0.5 cc (0.15 cc per kg) of liposomes containing the gaseous precursor perlluorobutane, dramatic and sus- 
tained enhancement of the icidney was observed for over 30 minutes. This was shown as brilliant color within tiie renal 
parenchyma reflecting increased signal within the renal arcuate arteries and mlcroo'rculation. The simultaneous im- 
aging of the heart demonstrated shadowing for the first several minutes which precluded visualization of the heart, I. 
e. the reflections were so strong the ultrasound beam was ctnnpletely reflected and absorbed. After several minutes, 
however, brilliant and sustained ventricular and blood pool erxhancement was observed which also persisted for more 
than 50 nunutes. Images were also obtained of the liver using the grey scale ultrasound machine. These showed 
parenchymal and vascular enhancement at the same lime as the cardiac and blood pool enhancement 
{0187] In summaiy, this experiment demonstrates how liposomes can be used to entrap a gaseous precursor and 
create very stable liposomes of defined and ideal size. The invention has vast potential as an ultrasound contrast agent 
and for drug delivefy. Because the liposomes are so stable they wfll pass through the target tissue (a tumor for example) 
via the circulation. Energy can then be focused on the target tissue using ultrasound, microwave liadiofrequen^ or 
magnetie fields to pop the fiposomes and perform local drug deHveiy 

Example 2: Preparation of Gaseous Pracursors via MIcrafluMizatlon 

[0188] Gaseous precursor-filled SpM bilayers were prepared as in Example 1 except, after addNion of the gaseous 
precursor, the contents were micronuidized through six passes on a l/ncrofiuicScs microfltddizar ^Xicrafluidics Inc., 
Newton, MA). The stroke pressure ranged between 10.000 and 20,000 psi. ConHnuli^ with the preparation as per 
Example 1 , produced gas-filled lipid bilayers wHh gaseous precursor encapsidated. 

Example 3: Fonnulallon of gas^illecl lipid bilayers using phosphalidie add and dipalmitoyphosphalidylcliellno 

fOlsq Gas-filied Spid bilayers were prepared as set forth in Example 1 except for the fact that DPPC was used in 
oombination with 5 mole % phosphatidic add (Avanfi Polar L^ilds, Alabaster, AL). FbnntdaGon olgas-fHied lipid bilayers 
resulted in an increase in 80iubi% as exernpTified i>y a decrease in Ihe arnount of lipid parficulate in the lower ^ 
vehicle layer. Resultant sizing appeared to decrease the overall mean size vs. OPPC alone to less than 40 um. 

ExampI* 4: Formulation of gas-lilied lipid Ulayera using phespliatidlc add, 
dipalmitoylphosphatidylethanolamino-PEG 5,000 and dipalniitoylphosplialidylchoiine 

{0190] Perlluorobutane encapsulated li|rid bilayers were formed as discussed in Example 3 except that the Bpid 
fonmilation contained 82% dipabnitoylphosphatidylcholine, 10 mole % dipalmitoytphosphatidk: add. and 8 mole % 
dipalmitoylphosphatidylethanolamine-PEG 5,000 (Avanti Polar Lipids, Alabaster, AL) In a vehicle consisting of 8:1:1 
(v:v:v) normal sarine:propylene glycol.-glycerol, yielding a foam and a lower vehicle layer that was predominantly devoid 
of any particulate. Variations of this vehicle yielded varying degrees of darity to the lower vehicle layer. The formulation 
was prepared klentically as in Example 3 to yield gas-fUled lipid I>ileyef5 containing perfluorobutane. Prior to filtration, 
the gas-fined microspheres were sized on a Particle Sizing SYstems Model 770 optical sizer (Particie Sizing Systems, 
Santa Barters, CA). Sizing resulted In 00% of all particles residing below 34 pm. The resultant product was then filtered 
through an 8 pm filter to yield microspheres of uniform size. Sizing of the subsequent microspheres resulted in 89.5% 
of all partk:les residing beknv 10 pm. This product was used in the fri Wvo experiments In Example 1. 
(01 91] It is noted that ttie vehicle was altered with other viscosity modifiers and solublfizers in varying proportions 
which resulted in greater or iess^- degrees of clarity and particulate. Amongst a varied of lipids and analogs used 
in combination, it was subsequently found that the introduction of DPPE-PEG Gpid significantly improved the size 
distribution and apparent stability of the gas-lilled Gpid bilayers. 

Example 4A: Binding of DNA by Gas-iHiled Lipid Bilayers 

(01 92] Binding of DNA by liposomes containing ptiosphafidic acid and gaseous precursor and gas containing lipo- 
somes. A 7mM solution of distearoyl-srt-glycerophospate (OSPA) (Avanti Polar Lipids, Alabaster. AL) was suspended 
in nonnai saline and vorteced at 50" C. The material was allowed to cool to room temperature. 40 micrograms of 
pBR322 piasmid DNA (international Biotechnologies, ina. New Haven. CT) was added to the lipid solution and shaken 
genUy. The solution was oentriluged fbr 10 minutes in a Bedman T,^6 Centrifuge (Beckman. Fullerton, CA). The 
supernatant and the precipitate were assayed for Oi4A content using a Hoefsr TKO-100 DNA Fluorometer (Hoefar, 
San Fcandsco, CA). This method only detects double stranded DNA as it uses an intercalatlr^ dye> Hoechst 33258 
which is DNA specific It was found thatthe negafiveiy charged liposomes, or flpidswHh a netnegathre charge, prepared 
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with phosphatidic acid suiprisingly bound the DMA. This experiment was repeated using neutral liposomes composed 
of bPPC as a control. No appreciable amount of DMA was detected with the DPPC liposomes. The experiment was 
repeated using gas-filled liposomes prepared from an 87:8:5 mole percent of DPPC to DPPE-PEG 500 to DPPA mixture 
of lipids in a microsphere. Again, the DNA bound to the gas-fitted liposomes containing dipalmitoylphosphatidic add. 

Example 5: MicroemulsIOcatlon of Precursor 

[0193] A Mierofluidizer (Microfluldics, Newton. MA) was placed in a cold room at -20° C. A stoppered glass flask 
containbig a head space of 35 cc of peifluorebutane and 25oc of lipid solution was taken into the cold room. The lipid 
solution contained an 83:8:5 molar ratio of DPPC:OPPE ♦ PEG S,000.-OPm in 8:1:1 phosphate buffered saline (pH 
7.4):glyceiDl:prapytene ^ycoi. The solulion did not fkeeze in the cold loom liut the petfluoroiiulane became liquid. 
\fH94i The suspension of Bpids and Bquid gaseous praeureor was then placed into the chamber of the lulicrDfluIdizer 
and sul^lecled to 20 passes at 16.000 psL Utnited size vesicles, having a size of abom 30 nm to about 50 nm, res^ 
Upon wamiing to room temperature. stabUized microspheres of about 10 microns resulted. 

Example 6: Preparation of Gaseous Piacursoi^iied Uposomes 

[0195) Fifty mg of 1.2-Oipalmitoyt-Sf»-6|ycero-34>hosphochotbw(MW± 734.^^ 160po-183)(Avanti> 
Polar Uplds. Alabaster. AL) is weighed and hydrated wilh 5.0 ml of saBne solution (0.9% NaCQ or phosphate buflteed 
saline <0.8% sodium chloride, 0.02% potassium chloiide. 0.115% dibasic sodium phosphate and 0.02% monobasic 
potassium phosphate, pH adjusted to 7.4) in a centrifuge tube. To this suspension is added 165 pL mh^ of 2-methyl- 
2-butene. The hydrated suspension is then shaken on a vortex machine (SdenOfic Industries. Bohemia, NY) for 10 
minutes at an instalment setting of 6.5. A total volume of 1 2 ml is then noted. The saSne solution is expected to decrease 
from 5.0 ml to about 4 ml. 

[0196] The gaseous precursor-flUed liposomes made via this new method are then sized by optical micioscopii It 
will be determined that the largest size of the liposomes ranged from about 50 to about 60 pm and the smallest size 
detected is about 8 pm. The average ^ ranges from about 1 5 to about 20 (un. 

(0197] The gaseous precursor-fiBed liposomes are then filtered through a 10 or 12 (irn "NUCLEPORE" membrane 
using a Swin-Lok filter Holder, (Nudepore Fatration Products, Costar Corp., Cambridge, MA) and a 20 cc syringe 
(Becton Dickinsion & Co.. Rutherford. NJ). The membrane is a 10 or 12 |im "NUCIifKJRE" membrane (Nudepore 
l=iltratlon Products, Costar Corp.. Cambridge. MA). Tlie 10.0 jwi filter Is placed in the Swin-Lok Filter Holder and the 
cap tightened down securely. The liposome solution is shaken up and transferred to Ihe 20 cc syringe via an 18 gauge 
needle. Approximately 1 2 nU of liposome soMton is placed into the syringe, and the syringe Is screvired omo the Swin- 
Lok pater Hdder. The syringe and the filter holder assembly are bwerted so that the larger of the gaseous precursor- 
filled l^xsomes vesides couM rise to Ihe top. Then the syringe is gently pushed up and the gaseous precursor-filled 
liposomes are filtered in iMs manner. 

[0188] The sunrivai rale (the amount of the gaseous precursor-fined liposomes that are retained after the extrusion 
process) of the gaseous precuraor-filied l^wsomes after the extrusion through the 10.0 pm filter is about 83-92%. 
Before hand exlnisk>n. the vdume of foam is about 12 ml and the volume of aqueous solution is about 4 ml. After hand 
extnision, ttw volume of fbaro Is about 10-11 ml and the volume of aqueous solulion is about 4 ml. 

(01981 "Hw optical microscope is used again to detemflne me size distiaHition of the extruded gaseous precursor- 
filled Vposomes. It wiU be dUemilned that the largest size of the liposomes range Item about 25 to abou^ 
the smallest size detected is about 5 pnL The average size range is Cnm about q to about 1 5 pm. 

(0200) It is Ibund mat after filtering, grsater than 90% of the gaseous precursor-filed liposomes are smaller than IS 
pm. 

Example 7: Preparation of Gaseous PrecucsoFfliled Uposomes Incorporating LyophiOzation 

[0201] Fifty mg of 1.2-Dipalmitoyl-sn-Glyoero-3-Phasphochaiine. (MW: 734.05. powder) (Avanti-Polar Uplds, Ala- 
baster, AL) is weighed and placed into a centrihige lube. The lipid is then hydrated wHh 5.0 ml of saline solulion (.9% 
NaCI). To this suspension is added 1 65 pL mL-i of 2-mett)yl-2-butene. The Opid is then vortexed for 10 minutes at an 
instniment setting of 6.5. After vortexing, the entire solulion is fh»en in liquid nftragen. Then the sample is put on the 
lyophiSzer for freeze drying. The sample is kept on the lyophiGzerfor 18 houre. The dried Bpid is taken oft the iyophlNzer 
and rehydrated in 5 ml of saline solution and vortexed for ten ndnutes at a setting of aS. A smaD sample of this solution 
is pipetted onto a slide and the solulion is viewed under a microscope. The size of the gaseous precuisor-filled lipo- 
somes will then be detemiined. It wiU be detemUned thai the largest dze of ttie liposomes is sbout 60 pm and Ihe 
smallest size detected is about 20 pm. The average size range is ftom about 30 to about 40 pm. 
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Example 8: Example of Gaseous Precursop4llled Liposome Preparation Above the Phase Ttansitibn 
Temperature of the Lipid 

C0202J Rfty mg of 1.2-DipaliTtitoyl-Sr>-Glycero-3-Phosphocholine (MW: 734.05. powder) (Avanti-Polar Upids. Ala- 
baster, AL) is weighed and placed Into a centriftiga tube. To this suspension is added 1 65 (U. niL-< of 2-methyt-2-butene. 
Approximately two feet of latex tubing (0.25 in. inner diameter) Is wrapped around a conical centrifuge tube in a coil- 
like fashion. The latex fuWng is then fastened down to the centrifuge tube vwth electrical tape. The latex tubing is then 
connected to a constant temperature circulation bath (VWR SdenUfic Model 1131). The temperature of the bath is set 
to 60" C and the dreulation of water Is set to high speed to drculale ttirough the tubing. A thermometer is placed bi 
the lipid solution and found to be between 42° C and 50° C. 

(020q Tho Gpld solution Is voftexed for a period of 10 minutes at a vortex instrument sotting of 6.5. It wai be noted 
that VBiy Btlia foaming of the lipid (phase transition temp. = 41° C) and that the suspension did not appreciably fonn 
gaseous precursor-lilled liposomes. Optical m i cio s co p y revealed large lipldic partides In the solution. The number of 
gaseous precursor-filled Oposomes that form at this temperature is less than 3% of the number thai form at a temper- 
ature beiowihe phase transffion temperature. The solution Is allowed to stt for 1 5 minutes unta the solution temp^ 
equHbrated to reom temperature (2S* C). The sdufion is then voitexed tor a duration of 10 minutes. After 10 minutes, 
tt wW be noted that gaseous precursor-ffiled liposomes fanned. 

Example 9: PraiiaraUon of Gaseous Pracureorfllled Upesonies Inooiponrting a FiBsn-Thaw Procedure 

102041 50 mg of 1.2-0^lmnoyl-Sn-Glyoero-3-Phosphocholine(MV\K 734.05. powder) (Aranli-Pol^ 
ler.AL)isweighedand placed into a centriliige tube. The lipid is then hydrated with 5.0 mi of .9% NaCI added. To this 
suspension is added 165 pL ml-t of 2-methyl-2-bulene. The aqueous B(M solution is voitexed fbr 10 ndnutes at an 
instrument setting of 6.5. After vortexing, the entire sohilion is litozen in Gquid nitrogen. The entire solution then 
thawed in a water bath at room temperature (25* C). The freeze lhaw procedure is then repeated eight tbnes. The 
hydrated suspension is then voitexed for 10 minutes st an Instniment seltbig of 6.S. Gaseous pieoureor-lllled Gposomes 
are then detected as described in Example 6. 

Example 10: Preparation of Gaseous Precursorfilled Uposemes with an Emulsifying Agent (Sodium Lauryi 
Sulfite) 

(02051 Two centrifuge tubes are prepared, each having 50 mg of DPPC. 1 mol% (-0.2 mg of Duponol C lot No. 
2832) of sodium lauryi sulfate Is added to one of the cenWfguge tubes, and the other tube receives 10 mol% (2.0 mg 
of Duponol C lot No. 2832). Five ml of .9% NaO is added to both cenlrifuge tubes. 165 pL mL-' of 2-inelhy|.2-butens 
is added to both tubes. Both of the lubes are frozen in Squid nitrogen and tyophilized for approximately 16 hours. Both 

samples are removed from the lyophrizerandSmi of saDne is added to both of the tubes. Both of the tubes are voitexed 

at position 6.5 for 10 minutes. 

(020q It m be detennined that the largest size of the gaseous precursor-filled liposomes with 1 mol% of sodium 
lauiyl suHats is about 75 pm and the smallest size detected is about 6 pm. The average size range is from about IS 
to dxnit 40 pm. It wUI be detennined that the largest size of the gaseous precursor-fated Bposomes with 10 moi% of 
sodium lauryi sulfete is about SO pm and the smallest size detected is about 6 pm. The average size range Is from 
about 1 5 to about 35 pm. 

(02071 The volume of foam In the solution containing gaseous precursor-lilled liposomes with 1 mol% sodium lauryi 
sulfate is about 15 ml and the volume of at^eous sohiGon Is about 3-4 ml. The volume of foam In the solution containing 
gaseous precursor-filled liposomes with 10 mol% sodium lauryi sulfate is also about 15 ml and the volume of aqueous 
solution is about 34 mL 

Example 11: DetermlnaUon of Whether Gaseous Precursorfliied Uposomes Can be Generated by Sonication 

IP20q so mg of lipid. 1 ,2-Oipalndtoyl-Sn«lyoen>-3-Phosphocholine (Avanti-Polar Lipids, Alabaster. AL), Is w^hed 
out and hydrated with 5 ml of .9% NaCL To this suspension Is added 165 pUhiL-^ of 2-melhyl-2-butene. Instead of 
vortexing. the aqueous solution is sonicated using a Heat Systems Sonlcalor Ultrasonic Processor XL (Heat Systems, 
Inc.. Famiingdale, NY) Model XL 2020. The soracator. with a l^uency of 20 KHz. is set to continuous wave, at position 
4 on the knob of the sonicator. A micro tip is used to sonicate for 10 irinules at a temperature of 4* C. Fonowing 
sonication, ihe temperature is increased to 40* C and the solution is viewed under an optical miciosoope. There %m1I 
be evidence of gaseous precursor-filled liposomes having been produced. 

[0209] Next, the above is repeated Witt) sonicetion at a temperature of 50° C and 1 65 pL mL-* of 2-melhyi 2-butene 
is added, the micro tip of Ihe sonicator is removed and replaoed wiOi ttie end cap that is supplied with ttie sonicator. 
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Another solution (50 mg of Upid per 5 ml of saline) is prepared and sonicated with this tip. After 10 minutes, the solution 
IS viewed under the nwcroscope. The production of gas-taied liposomes with sonication atwve the tempeiBture of (he 
transition of the gas rasulled in a lower yield of gas-filted lipid spheres. 

Example 12: Detennbiation of Concentration Effects on Gaseous Precureoi^lUed Uposome Praductlon 

I021(q TOs example detemUned whether a lower concentration limit of the lipid halts the production of gaseous 

precursor-filled Cposomes. Ten mg of 1.2-Oipalmitoy»-Sn-GlycefD-3-PhosphochoUne (AvanB-Polar Upids, Alabaster. 

AL) is added to 10 ml of salina. To this suspension is added 1 65 jiUmL-* of 2-methyt-2-t)utene. The lipid/saline/gas 

precursor solution is vortexed at position 6.5 fbr 10 ntinutes. The solution is viewed under an opUcal microscope for 

sizing. ItwOI be detannined that the laigestsbo of the liposomes ranges from abomao to atwut 45 jTO 

size detected Is alMut 7 iun. The average size range is from about 30 to about 45 |im. 

[Mill »"PPeara*wt the gaseous prBcureor4ilied liposomes are more liragne as they appear to burst m 

than previously shown. Thus, it appeare that ooncentratidn of the Upid is a factor in the generation and stability of 

gaseous precursor-fBled fiposomes. - 

Example 13: Cascade nHratlen 

1021 2] Unfiltered gaseous precursor-fined liposomes may be drawn into a SO ml syringe and passed thioudi a cas- 
cade of a TIUCLEPORE" 10 pm fitterand 8 |un IBterlhat are a minimum of 150pm apart (Rgures 3 and 4). ABematfvely 
for example, the sample may be filtered through a stack of 10 pm and 8 pm filters that are immediately adjacent to 
each other. Gaseous precursor-fiUed liposomes are passed through the fiHeis at a pressure wherei>y the flow rate is 
2.0 ml miir'. Tho subsequently filtered gaseous precursor-Sited Hposomes are then measured fbr yield of gaseous 
precursor-fined lipid liposomes which results in a volume of 80-90% of the unfiltered volume. 
102131 The resulting gaseous precursor-filled Cposomes are sized by four different methods to detemiine their sizs 
and disWbuOon. Sizing is performed on a Particle Sizing Systems Model 770 Optical Sizing unit a Zeiss Axioplan 
optical microscope Interfaced to Image processing software manufactured by Universal Imaging, and a Coulter Counter 
{Coulter Bectronics Umited. Luton. Beds.. England). As seen in Figures 5 and 6. the size of the gaseous precureor- 
fiDed hposomes are more unifbnnly di8trn)uted around 8 - 10 |im as compared to the unfiltered gaseous 
filledEposomes.Thus.it can be seen thatthenteredgaseouspracureor-flned liposomes areof much more m 

Example 14 Preparation of Filtered OPPC Suspension 

B»14| 250 mg OPPC (dipalmitoylphosphatidylcholine) and 1 0 ml of 0.9% Naa are added to a 50 ml Falcon centrifuge 
tube (Becton-Oickiflson. Uncohi Park, NJ) and maintained at an ambient temperature (approx. 20° C). To this suspen- 
Om Is added 165 pUlmL-* of 2-methyl-2.butene. The suspenston is then extruded through a 1 pm Nudepore (Costar, 
Pieasanton. CA) potycarbonate membrane under nttrogen pressure. The resultant suspenskm is sized on a Partide 
Sizing Systems (Santa Barbara. CA] Model 370 laser light scattering sixer. Afl DpM particles are 1 um or smaller in 
mean outside diameter. 

Jf?^ '"■*'*'^''»*™»»n~'^«>fDPP<^Prea«sorsuspere^^ 

(MferafluMics Corporatton. Newton. MA) microfluidizeral 18.000 p.s.i. The suspension, which becomes less murtcy Is 
^ on a Partkde Sizing Systems (Santa Bartara. CA) Sub kScnm Particle Sizer Model 370 laser fight scattering 

sizer where it Is fcund that the size is unitonnly less thanlpm. The partfcSe size of n(rferoauklizedsuspenslw^ 
to remain stable up to six months. 

Example 15: Preparation of FIKered DSPC Suspension 

I0216J 100mgOSPC(distearoylphosphatklylchaline)and 10 mi ofO.9% Naa are added to a SO ml Falcon centrifuge 
tube (Becton^Mckinson. Lincoln Parte. NJ). To this suspension is added 165 pUhtL-i of 2-methyl-2-butene. The sus- 
pereion is then extroded through a 1 pm "NUCLEPORE- (Coslar. Pieasanton. CA) polycart>onate membrane under 
nifrogen pressure at 300-800 p.s.i. The resultant suspension is sized on a Parttoie Sizir^ Systems (Santa Bart>ara. 
in size" ^^'""^^ '^'^^ scattering sizer. It will be found that aO partk:les are 1 pm or smaller 

(0217J "naddition,thesanieamountofDPPagasprecufsor8uspensfonispassedfivefime8throughaMk«)fluidics~ 
(Microfluldics Corporation. Newton. MA), microfluidizer at 18.000 p.s.i. The resultant suspension, which is less muriw 
IS ^ed on a Sub Micron Parfide Sizar Systems Model 370 laser fight scattering sizer and it is found that the size is 
umfonnly less than 1 pm. 
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Example 16: Sterilization of Filtered UpM Suspensions by Autoclaving 

10218] The previously steed suspendons «rf OPPCfgas precursor and OSPC/gas pfecursor of Examples 9 and 10 
are subjected to autoclaving for twenty minutes on a Bamstead Model CS7835 autodava (Bamstead/niemiolyne. 
Oubuque, lA) and (hen subjected to sf»aking. A fittralion step may be perfonsied immediately prior to use through an 
in tine filter. Also, the gaseous precursor may be autodaved b^bre sizing and shaking. 

[0219] After equaibraHon lo nxim temperature (approx. 20° C). the sterile suspension is used fbr gaseous precursor 

instillation. 

Example 17: Gaseous Precursor Instillation of Filtered, Autodaved Lipids via Vortexing 

[0220] 10 ml of a solution of 1 .2-dipalmitoy4)hosphatidyldioline at 25 mg/ml In 0.9% Had. which had pteviously 
been extruded through a A tun filter and autodaved for twenty minutes. Is added to a Falcon 50 ml centrifuge tube 
(Bedon-Oickinson, Uncdn Park. New Jersey). To this suspension is added 165 (lUmL-* of 2-methyl-2-butene. After 
equBbration of the lipid suspenston to room temperature (approximately 20° C), the liquid is vortexed on a VWR Genie- 
2 (120V, 0.5 amp. 60 Hz.) (Scientific Industries. Inc., Bohenna, NY) for 1 0 minutes or until a tbne that the total volume 
of gaseous precurBar-4illed nposomes is at least double or triple the volume of the original aqueous lipid solution. The 
soMion at the bottom of the tube is almost totally devoid of anhydrous particulato lipid, and a large volume of foam 
containing gaseous pracursor-fillad liposomes results. Thus, prior aulodaving doss not ailed the ability of the «pid 
suspension to lonn gaseous precuisor'^nied nposomes. Autoclaving does not change the of the iip^^ 
it does not decrease the ability of the r«)id suspenskxis to fbim gaseous precursoNllled I^Msomes. 

Example 18: Gaseous Precursor Instillation of Rltered, Autodaved Uplds via SliaMng on Shalnr TaUe 

[0221] 10 ml of a solutton of 1.2-dlpalmitoyl-phosphalhlytoholne at 25 mgAnI In a9% NaO. whkdi has previously 

been extnided throi^ a 1 |im titter and autodaved for tmnly minutes, is added to a Falcon 50 inl cenlrilu^ 

(Bedon-Oiddnson. Uncdn Parte, NJ). To this suspension Is added 165 pUlmL-* of peifluoropentane {PCR Research 

Chemicals, Gainesvaie. PL). After equilibration of the Oiwl suspension to room temperature (approximately 20° the 

tube is then placed uprigm on a VVm Sdentilic Ortjital shaker (VVVR Sdentilto, Cerritos, <M} 

m. for 30 minutes. The resultant agitation on the shaker taUs resuNs in the produdkm of gaseous precursor-filled 

liposomes. 

Example 18A: 

[02221 The above experiment may be perfonned replacing peiDuoropentane vyith solfiir hexafluoride, hexaliuoropro- 
pylene, bromochtorofluoromethane, odafluoropropane, 1,1 dichloro, fluoro ethane, hexafluoroethane, hexafluoro- 
2-butyne, perfiuon^ntane, perfluorobulana, oclafluoro-2-butene or hexailuorobuta-1>diene or odafluofo^clopen- 
tene. an wKh the produdton of gaseous prectirsor filled nposomes. 

Example 19: Gaseous Preeureor Insliiiatlen of Ritered, Autodaved Lipids via Shakbig on Shaker "table via 
Shaking on Paint Mixer 

[0223] 10 n4 of a solution of 1.2Klipalmitoyl-phosphatkfylchaline at 25 mg/ml In 0.9% Naa, whk:h has previously 
been extruded through a 1 ]un filter and autodaved for twaity minutes, is added to a Falcon 50 ml centrifuge tube 
(Bedon-Diddnson, Lincoln Parte, N J). To this suspension is added 165jiUmL-' of 2-fflelhyt-2.butene. After equiEbration 
of the lipid suspension to room temperature (approximately 20° C), the tube is immobilized inskie a 1 galton empty 
househdd paint container and subsequently |>iaoed in a medianicai paint mixer empkiying a gyrating motkm for 15 
minutes. After vigorous mixing, Ihe centriftige tube Is removed, and H is noted that gaseous pfBcursor-fUled liposomes 
fomi. 

Example 20: Gaseous Preeureor instillation of Filtered, Autodaved Lipids via Shaking by Hand 

[0224] 10 ml of a sdution of 1.2-dipalniitoyH>hosphatklylcholine at 25 mg/mi in 0.9% NaCi, which had pcevtously 
been exinided through a 1 pm nudepore filter and autodaved for twenty minutes, is added to a Falcon 50 ml centrifuge 
tube (Bedon-Diddnson, Lincoln Paric. NJ). To this suspend Is added 165 pL/mL** of 2-methyl-2-butene. After equi- 
libration of the lipkl suspenston to room temperature (approximately 20° C). the tube is shaken loicehiay by hand for 
ten minutes. Upon ceasing agHatkm, gaseous precursor-fflled Hposomes fbna 
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Example 21: Sizing Filtration of AutodavMl Gaseous Piecursoi^Fined Liposomes via Cascade or Stacked 
Filters 

(022S] Gaseous precursor-filled liposomes are produced ftom OPPC as described in Example 17. The resultant 
unfiltered liposomes are drawn into a SO ml syringe and passed through a cascade filter system consisting of a *NU- 
CLEPORE" (Costar. Pleasanton, CA) 10 jun filter followed l>y an 8 |un filter spaced a irtnimum of 150 pm apart In 
additiofl, on a separate sample, a stacked 10 pm and 8 pm filtration assembly is used, with the two filters adjacent to 
one another. Gaseous piecuisor-filled liposomes are passed thfough the filters at a pressure such that they are filtered 
a rate of 2.0 mVmin. The filtered gaseous precursor-fined liposomes yields a volume of 80-90% of the unfiltered volume. 
{0226] The resultant gaseous precursor-filled Gposomes are sized by four different methods to detemtine their size 
distnlMtion. Sizing is peifbmied on a Particte Sizing Systems (Santa Barbara. CA) Model 770 Optical Sizing unit, and 
a Zeiss. (Oberfcochen, Germany) Ajdoplan optical microscope interfaced to Image processing software (Univereal Im- 
aging. West Chester, PA) and a Coulter Counter (Coulter Electronics Umited. Luton, Beds., England). As Hlustrated in 

Figure 8, the size of the gaseous precursor-filled liposomes is more unilbrmVdislraiutedaroundS'lOpmascompa 
to ttw unfiliered gaseous precursor-filled liposomes. 

Example 22: Extra EfRdent Praductlon of Gas-Precunor Filled Upid Spheras 

P227| the same preoedure as In Ex»nple 6 tepetfamwd except that the shalnr used Is a Crescent nVig-L-^^^ 
(Crescent Manufedulng Dental Co.. Lyons. IL). Tlw (bnnulation Is then ablated for GO seconds Instead of the usual 
5 minules Id 10 nflffljies as described previously^ Gas4aied lipid spheres are preduoed. 

Example 23 

(0228] 100 pL of peifluoropentane (bp 29.S<> C. PCR Research Chemicals. Gainesville, FL) was added to a 5 
mL lipid suspension and vortexed on a Genie n mixer ^enlific Industries. Inc. Bohemia, NY) at room temperature 
at power setting of 6.5. A RIchmar (Ridunar Industries. Inola. Gig 1 MHz therapeutic ultrasound device was then used 
to perform hyperthermia, elevating the temperature to above 42* C as measured by a theffliomelec. Upon teaching 
the phase transition temperature, gas microspheres were noted. A simultaneous scanning was peilbnned vOh a di- 
agnostic ultrasound (Acoustic Imaging, Phoenix. A^. AoousSc dgnals lirom Ihe gas microspheres could also be visu- 
alized on the clinical diagnostic ultrasound. 

(0229] The same exeriment was oonduded ««ith odafluoro^dopentene (bp 27* C, PCR Research Chendcals. 

Gainesville, FL). 

Example 24 

[0230] An experiment identical to Example 23 was performed where the suspension was vortexed and injeded into 
a Harlan-Sprague Oawley rat, 300 grams, previously given a CSA tumor cell line In the lefi femoral region. A Fliehmar 
1 MHz therapeutic ultrasound was then placed over the tumor region and an adriamydn embedded lipid suspension 
injected intravenously. The therapeutic ultrasound was then placed on a continuous wave (100% duty cyde) setting 
and the tumor heated. A second rat. having a CSA tumor cen line in the left femoral region, was given an identical dose 
of the adriamydn emulsion, Itowever, no ultrasound was utilized in this animal. Within three weeks H was noted that 
the tumor, compared to the control without the use of ultrasound, was noticeably smaller. 
[0231] Various modifications of the invention in addition to those shown and described herein will be apparent to 
those skilled in the art from the foregoing description. Such modifications are also intended to fall withbi the scope of 
the appended daims. 

Features of the Invention: 

(02321 

1. A method for preparing temperature acGvated gaseous precursor-filled microspheres comprising shaking an 
aqueous sdutkm comprising a lipid in the presence of a gaseous precursor at a temperature below the gel state 
to Dqdd crystidHne state phase trandUon temperature of Ihe Bpid. 

2. The method as In feature 1 wherein saM method is performed at the activation temperature of Ihe precursor. 

3. The method as in feature 1 wherein the shaking step comprises vorteM'ng. 
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4. The method as in feature 1 further comprising iUtering and heat stentizing said aqueous lipid sotuUon. 

5. The method as In fieaturs 1 further comprising extruding the microspheres through at least one filter of a selected 
pore size. 

6. The method as In feature 5 wherein the pore size is about 10)un or smaller. 

7. The method as in future 1 further oompiislng hydrating a dried lipid to form an aqueous solutian comprising a 
lipid. 

8. The method as in feature 1 wherein said gaseous precursor Is selected from the group consisting of fluoiine, 
perfluoromettiane, peifluoroethane, perfluoroprepane, pefiluon>l>utane, perfluoropentane, peifluorohexahe, suHiir 
hexafluodde, hexafluon^Mopytene, luoinochlorofluonMneihane, octafluoropropane, 1,1 dichloro, fluoro ethane, 
hexa fluoroethane, hexafiuoro-2-t>ulyne, perfluoropentane, perfluorotHitane, octafiuoro-2-butene, hexafluorebuta- 
1,3-diene, octafluorocydopentene, hexafluoroaceione, isopropyt acetylene, allena, tetrafuoro allene, Ixsron triflu- 
oride, 1,2-tHitadlene, 1,3-butadiene, l,2,3-trichloco,2-lluoR>-1,3-butadIene. 2-methyl,1.3^utadIene, hexafluof»- 
1,34utadiene. butadiene, l-fluoro-butane, 2-m^yl4)utane, decafluoro butane, 1-butene, 2-butene, 2Hiiethyt- 
I^Mitene, 3-methyl-l-tjutene. perfluo(o-1-butene, pei1luoro-2-bute(te, 4-phenyl-3-butene-2-one, 2-methyl- 

1- t>utene-3-yne, butyl nitrate, l-btdyne. 2-butyna. 2<hloro-1.1.1,4.4.4-hexafluoro4>iityne, 3-melhyt-1-bu(yne, per- 
fluoro-2-butyne, 2-bn)mo-butyraldehyde, carix>nyl sulfide. crDtononHrOe, cydobutane, methyt^ydobutane, oc- 
tafluoro-cyclobutane. perfluoro-cydobutene, 3-chloro«ydopentene, cydopropane. 1.2-dimethyl-cydopropane, 
1,1<dlmethyl<ydopropane, 1,2-dimethyl cydopropane, ettiyl cydopropane, methyl cydopropane, diacetytene, 
3-ethyl-3-met^ diaziridina, 1,1 .1-trif)uorodiazoethane. dimethyl amine, hexafluoroKJImethyt amine, dimethylethyl- 
amlne, bis-(DlmethyI phosphlne)amlne, 2,3-diinethyt-2-nofbomane, petfluonHllmethylamine, dimethytoxoniuin 
chloride, 1,3-dioxolane-2-one, 4-melhyl, 1,1,1,2-tetrafluoro ethane, 1,1,1 trifluoroethane, 1,1.2.2-tetrafluor- 
oeUiane, 1,1,2-tiichloR)-1,2,2-trifluoro^ne, 1,1 dichloro ethane, 1,1-dichloro-1,2,2,2-tetrafluoro ethane, 1,2-di- 
fluoiD ethane, 1-chlorD-1.1,2,2,2-pentalluoro ethane, 2 •chioro.l.l-dilhioroethane, 1-chloro-1,1,2,2-tetrafluoro 
ethane, Z<Mam, 1,1-difluon> ethane, chloro^hane, cHoropentafluorD ettiane, dicMorotrifluoroethane, fluoro- 
ettnne, hexafluoro^ane, nibo-pentafluore ethane, nHrasoiientBfluaio ethane, perfluoro ethane, peifluoro ethyl- 
amine, ethyl vinyl ether. 1.1-dichloro ethylene, 1.1-<Schl0R>-1,2-difluoro eUiylene, 1,2-difluoro ethylene, Methane. 
Methane-sulftinyl chlorid»trifluoro. Melhane«ullbnyl lluoride^riiluoro, Melhane-(pentafiuarelhio)lrflluon>. Melh- 
ane-faromo (fifluoro nitroso, Methane^ramo fluoro, Methane-bromo chloro-fluoro, Methane-t>romo-t(ifluoro, Ueth- 
ane^lofodifluoronilio, Melhan»«hlon>dinilro. Melhane-chloiolluoro, Methane-chloioliifluoro, Methane-chloio- 
dMuorD, MeUianfriiibromo difliioro. Methan»4ichtoro dffluoro, Methane-dichloro-fluoro, Melhan»<ifluoR>. Melh- 
ane<dinuoro4odo. Methane-disiiano, Methane-fluoro, Methans-Mo4rffluoro. Methane-nitro-trifluoro, Methane^ 
trosoMfluoro. Meihane^etranuara, IMelhane-lrichloronuoro, Methane4iifluoio, MethanesuKBiiylchlorid»4rinuofo, 

2- Methyl butane. IM^ Aher, Methyl isopropyl ^r. Methyl lactate, Methyl idbtte. Methyl sulfide, Methyl vinyl 
elher. Neon. Neopenlane. NHrogen. NHrous cndde. 1,23-Manadecane trtcarbaxyflc add-tZ-hydiw^lrimethylester. 
1<Nonene-3ime, Oxygen, 1,4-Pentadiene. n-Pentane, Penlane-peffluoro, 4^Penlanone-4-aiidno-4-niethyl. 
1-Pentene, 2-Pentene (cis}, 2-Pentene {trans}, 1-Pentene-3-branw. 1-Pentene-perfluoro, PhthaTic add-letrachio- 
n>, Piperidin«-2.3,6-trimet>iyl, Propane, Propane-1,1,1.2,2,3-hexafluoro, Propane-1,2<epoxy, Propane-2,2<Dnuoro. 
Propane-2-amlno, Propan»-2-chloro, Propane-heptafluoro-1-nibo. Propane-heptafluoro-1-rHtroso, Propane-per- 
fluofo, Propene, Propyl-1,1,1,2.3,3-hexafluoro-2,3 dichloro, Propylene-1-chloro, Propytene-dilorD-{trans}, Propyt- 
ene-2- chloro, Propylene-3-fluoro, Propyiene-perfluoro, Propyne. Propyne-3,3,3-(rifluoro, Styrene-3-fluoro, Sulfur 
hexafluorids. Sulfur (di)-decafluoro(S2F10). Toluene-2.4-dternino, Trffluoioaoeloniliile. Trifluofomethyl peroxide. 
Tiffluoromelhyl sulfide. Tbngsten hexafluoride. Vinyl acetylene, Vinyl elher, and Xanon. 

9. The mettuxf of feature 1 wherein said lipid is selected fmm the group consisting of fetty adds; lysoliplds; phos- 
phatidylcholine: dideoylphosphatidylchollne: dimyristoylphosphatidytcholine; dipentadecanoytphosphatidylcho- 
line; dilauroylphosphatidytcholine; dioleoylphosphatidylcholine; dipalmitoylphosphatidylcholine: distearoylphos- 
phatidylcholine; phosphatidylethanolamlne; dlcdeoylphosphatidytethanolamine; phosphatidylserine; phosphatt- 
dylglycerol; phosphatiidylinositol: sphlngolipids; sphingamyelin; glyco&pids; ganglioslde 6M1; ganglioside GM2: 
gluoolipids; sulfatides; glycosphingolipids; phosphatidic add; palmitic add; stearic add; arachidonic acid; oleic 
add; lipids bearing polymers such as polyethyleneglyod, chilin, hyaluronic add or polyvinylpyrrolidone; lipids ImcU'- 
ing sulfonated mono-, di-, oligo- or pol^ccharides; chdesterol, chotesterol sulfate; cholesterol hemisucdnate; 
tocopherol hemisucdnate. lipids with ether and ester-linked fatty adds, polymerized lipids, diacetyl phospliate. 
stsarylamine. cardiolipin. phospholii^ with short chain fatty adds of 6-8 carbons in length, syntiietic phosphdiplds 
with asymmetric a^ chains. 6-(S<hoiesten-3Mox^1-thio-p-0-galaciopyranoside. digalactosyldiglyceride. 
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&<5<holester>^P-yloxy)l)e)(yl^mino-6HJeoxy-1-thio-p4}-galacio|^^ 6^S^lesten-3P-yloxy)hexyl- 
6-ainino-6Kleoxyl-1^hio-a-0^nnopyranaside.12-{((rHiiemylafnii^ 

decanoic acid; N-{1 2-<((r-<llethyraminoooumarin-3-yqcart)onyt)methylamino) oc(adecanoyl]-2-ainInapa(mitic acid: 
cholesteryt)4'-trimethyi-ammonio)butanoate: N-succtnyldioleoylphosphalid)4ethanol^inIne: 1,2-dioleoyl4n^lyc- 
erol:1 ,2-dipalmitoyl-5n-3-succinylgtyceroi; 1 .3-dipalinttoyl-2-sucdnylg^»roi, 1-hexade^2'iialmitoylglycan>- 
phosptioethanalamine; palmitoylhomocysteine; and/or comiM'nations theiaof: lauiyltrimethylanvnonium bromide, 
cetyitrimethylatnmonium bromide, myristyltriinethytaminonium bromide, allcyldlmetliytben^ammoniuni chloride, 
benzyldimethyldodecylammonium bromide, benzyldimetliylhexadecylammonium bromide, benzyldimethyttetisde- 
cytammonium bromide, cetyidlinethylethylammonlum bromide, or cetylpyiidinlum bromide: pentafluoro octadecyl 
iodide. perfluorooctyOMomide, peffluorodecalin, peffluoradodecalin. peiliuofooctyliodide, peifluorotripropylamine, 
ami perfltiorotributylamirie; and Anther comprisins a lipid beaiifi9 a oov^^ 

10. The method or feature 9 wherein said polymer is between 400 and 200.000 molecular weight 

11. The method offeature 9 wherein said polymer is between 1.000 and 20.000 moleeular weight 

12. The method of liBature9 wherein said polymer Is between 2,000 and 8/)00 molecular weight 

13. The method of feature 9 wttersvi said lipid beatnig a covalenUy bound polymer comprises compounds of the 
formula XCHYKCHjtn-OKCt^rvYCHX wherein X Is an alcohol group. Y is OH or an alkyi group and n is 0 to 
10^000. 

14. The method of feature 9 wherein said polymer is selected from the group consisting of polyadiyleneglycol. 
polyvinylpyrrolidone, poiyvii^lcohol and poiyproi^lenegtyeol. 

15. Tlie method of ftohire 9 wtierein said polymer is potyethyieneglycoL 

16. The method of feature 9 wherein said lipid comprises finm about 1 mole % to about 20 mole %. 

17. The method of feature 1 wherein said l^id comprises an aliphatic compound wKh an aikyi group of bebween 
2to30cait>ons. 

18. The method offeature 1 wherein said lipid is a phospholipid. 

19. The method of feature 1 wtierein said Opid is a triglyceride. 

20. The method of feature 1 wherein said Opid is an oa. 

21. The method of feature 1 further comprising one or more viscosity active compounds. 

22. The method of feature 21 wherein said viscosity active compound is selected tiom the group consisting of 
alcohols, potyaloohols, propytsneglycol, glycerol, sortitd, cellulose, melhytoellulose, xanlhan gum, hydmrymeth- 
ytceltulose, cartxjhydrates, posphorylated cartwhydrates, and sulfonated cartx>hydrates. 

23. The method of feature 1 further comprising one or more emulsifying agents selected from the group consisting 
of acacia, cholesterol, diethanolanilne, glyceryl monostearate, lanonn aloohols, lecithin, monoglycerides, d'^lyo- 
erides, mono^ethanolamlne, oleic add, oleyl alcohol, poloxamer, poiyoxyethylene 50 stearate, polyoxyl 35 caster 
oO, polyoxyl 10 oleyl ether, polyoxyt 20 cetylsteaiyl ether, polyw^ 40 stearate, pdysorbate 20, polysorbate 40, 
potysoibate 60, po^rsortiata 80, propylene glycol diaoetate. propylene glyod monostearate, sodium lauryl sulfete. 
sodium stearate. sorbitan monostearic add, tfolaniine. emulsi^ng wax. 

24. The method of feature 1 further comprising suspending agents selected from (he group consisQng of acacia, 
agar, alginic add, aluminum mono-stearate, bentonite, magma, carbomer 934P, cart>oxymethylcellulose, caldum 
and sodium and sodium 12, carrageenan, cellulose, dextrin, gelatin, guar gum, hydroxyethyl cellulose, hydroxy- 
propyl methytceOulose. magnesium ahjminum silicate, melhytceiiulose. pectin, po^ethytene oxide, polyvinyl alco- 
hol, povidone, propylene glycol alginate, slllcon dioxide, sodium alginate, ttagacanth. xanthum gum. 

25. The method of feature 1 further comprising a vehicle selected from the group consisting of almond oil. com 
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oil, cottonseed oO, ethyl oleate. isopnipyl myrislale, isopro|)yl palmitate, mineiar OB, myristyi aloohd, octyModeca- 
nol, olive oil, peanut oil, persIc cii, sesacm oil, soybean oD, and squalene. 

26. Tlie method of feature 1 witetein said lipid comprises one or more polymer nticropartM 

27. The method of feature 26 wherein said potymeis have molecular weights of from ai»ut 500 to about 
150,000,000. 

28. Tlie method of feature 26 whereh said polymer is a protein. 

29. The method of tisature 26 wherein said polymer is a synthetic polymer. 

30. The method of feature 9 wherein said polymer has the fomuita XCHY-(CH2)n-0-(CH2)„-YCHX wherein X is an 
alcohol, Y is selected from the group condsUng of OH or an alkyt group, and n Is 0 to 10.000. 

31. The method of feature 30 wherein said polymer Is selected from the group consisting of polyvinytalcohd, 
polyathyleneglyool, polypropyleiieglyool. and po^vbiylpyrrolidone. 

32. The method of fealurel wherein said gaseous precursorhas an activation temperature of fiam-1S0% to 8S*C. 

33. The mettiod of feature 1 vi4ierein said gaseous precursorltas anactivation temperature of from-125^lo 70^ 

34. The method of tisature 1 mdierein said gaseous precursor has an activaUon temperature of from -100°C to TCC. 

35. The method of feature 1 wherein said 1^ comprtses a mixed solvent system of saDne, glycerol and propylene 

glycol 

36. The mettiod of feature 1 wtierein said shaking comprises microemulsification. 

37. A method for pr^>aiing temperature adivaled gaseous piecursor-fiSed lipid micraspherss compiSsing shaldng 
an aqueous solution comprising a Bpid. in the presence of a gaseous precursor, and separating the resulting gas- 
eous precursor-4illed VfU microspheres for diagnostic or therapeutic use. 

38. A method of making temperature activated gaseous precursor-fiiled liposome mlcrospheies. comprising the 
stepsofi 

a) nitrodudng an aqueous solution connprising a lipid into a vessel; 

b) introdudng a gaseous precursor into said vessel; 

c) shalting said aqueous Hpid solution in the presence of said gaseous precursor so as to instill at least a 
portion of said gaseous precursor into said aqueous solution, said shaldng perfomied with sufficient intensity 
and duration to produce a gaseous precuisor-fUled^iposome^ontaining foam above said aqueous solution; 
and 

d) extracting at least a portion of said gaseous precursor-filled-liposome-containing foam from said vessel. 

39. The method as in feature 38 wherein said method is performed at the activation temperature of the precursor. 

40. The method accordbig to feature 38 further comprising the step of cooling said aqueous solution. 

41 . The method according to feature 40, wtierein the step of cooling said aqueous solution comprises cooling said 
aqueous solution below the gel stale to liquid crystalline slats plnse transition temperature of said Opid in said 
aqueous solution. 

42. The method according to feature 38, furllfer comprising the step of pressurizing said vessel. 

43. The method according to feature 38 , further comprising tiw step of sizing said gaseous precuisor-fiJIed lipo- 
somes. 

44. The method according to feature 43 . wherein the step of sizing said gaseous precursor-fined liposomes oom- 
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prises eontfollfng the size of said gaseous precu«or4Wled nposomes extracted fnm said vessel 



48. The method according to feahjre 43. wherein the step of sizino said aas«t» n«M.»»,.jni^ .- 
prises forong said ext^ctedflaseouspreoirsor^ledBp^l^^h*^ 

49. Tlie method according to feature 43. wherein the step of sizina said oaseous «-„ 

prises controlling Ihamtensay of said shaking. ''^'''^»*»"9«s«««P«««««--fllledliposornescom. 

PfMeteimined volume of said foam has t>ean detected. »"»«nB "noi »» presence of a 

67. An apparatus formaldng ««npe«iufe activated gaseous preoursor^ed liposomes. oomprisir«: 

a) a vessel: 

b) means for introducing an aqueous solution comprising a lipid Into said vessel- 

c) means for introducing a gaseous precursof into said vesseT 

^^"^ P'^'^ »<J"«>is solution in said vessel Iheretiv D«di«jn» - 

foam contaming gaseous precursor-filled liposomes within said vessel, and ^ " 

e) means for controlling temperature of sdd vessel. 
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60. The apparatus accardins to faaiure ST, wherein said means for instilling said gaseous precursor into s^ 
aqueous solution comprises means for shaldng said aqueous solution. 

61. The apparatus according to feature 60 , wherein said means for shaking said aqueous solution comprises 
means for shaldng said vessel. 

62. The apparatus according to feature 60. wherein ssid means for shakbig said aqueous solution comprises 
means for vortexing said aqueous solution; 

63. The apparatus according to feature 57, further comprising means for cooling said aqueous solution. 

64. The spparatus according to feature 57 , further comprising means for extracting said foam from said vessel. 

65. The apparatus according tofeafore 64, wherein saklmeanslbrextiactingsakl foam from said vessel 001^ 
means for acQusiing the vertical tacadon at which said foam Is exbacted (torn said vessel. 

66. The apparatus accorcfing to feature 57, further comprising means Ibr flowing said gaseous precursorfilled 
liposomes extracted through a filter assembly. 

67. The apparatus according to feature 66. wherein saM filler assemiily comprises first and second filters spaced 
a predetermined dislance qnrt. 

66. The apparatus according to feature 57, further comprising means for sizing saki gaseous precursor-filed lipo- 
somes. 

69. The apparatus according to feature 57, forther comprising a filter in flow communteation with said vessel. 

70. The apparahis according to feature 57. further comprising means for pressurizing saM vessel. 

71. The apparatus according to ftatore 57. further comprising means Ibr fkwing sakl gaseous precursor-filled 
liposomes produced finMn saM vessel into a syringe sulistantiaHy without further processing. 

72. Gaseous precursor-IUIed liposomes prepared liy a gel state shaking gaseous precursor insGllalkxi method. 

73. A method of making temperature activated gaseous precursor-filted microspheres, comprising the steps of: 

a) introducing en aqueous solutkm comprising a li|M into a vessel: 

b) introducing a gaseous precursor into said vessel; 

c) shaking said aqueous lipid solution below the acUvatfon temperature of saM gaseous precureon 

d) filtering sakI aqueous OpM solutk>n: 

e) shaking sakl aqueous Bpid solution above the activatkm temperalure of saM gaseous precursor In the pres- 
ence of said gaseous precursor so as to inslill at least a portton of sakl gaseous precursor Into saM aqueous 
sotutton, said staking performed with sufficient intensity and duraUon to produce a gaseous precursor-filted- 
llposome-containing foam above said aqueous solution; and 

f) extracting at least a portion of saM gaseous precursor-filled.llposome-containlng foam from said vessel. 

74. The method as in feature 73 wherein saM method Is peribmied at or above the activation temperature of saM 
gaseous precursor. 

75. The method according to fieature 73, tiirther comprising the step of cooling saM aqueous sdutton. 

76. The method according to feature 75 , wherein the step of cooling said aqueous solution comprises cooling said 
aqueous solutMn betow the gel stete to GquM crystelline state phase transitkxi temperature of saM lipM in said 
aqueous solution. 

77. The method according to feahire 73 , forther comprising the step of pressurizing saM vessel. 

78. The method aoeonling to feature 73, further comprising the step of sizing saM gaseous precursor-fiaed Hpo- 
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somes. 

79. The method acconJing to dalm 78, wherein the slap of sizing said gaseous precursor-filled liposomes comprises 
- controlling the size of said gaseous precursor-filled liposomes extracted from said vessel. 

80. The method of feature 38 where said method talws place in a syringe and further oort^rislng passing said 
aqueous lipid solution through filter at llie end of said syringe. 

81 . The method of feature 73 where said aqueous lipid solution is filtered and then added to a syrbige. wherein 
said method takes place In said syringe. 

82. The method of feature 1 wherein said lipid comprises felty adds; lysolipids; phosphalidyicholine; dideoytphos- 
phatidylcholine; dimyristoylphosphatidytehoine; dipentadecanoylphosphafa'dyl-choline: dllauroytphosphatidytcho- 
line: dioleoylphosphatidyi-choline: dipalmUcqrfphosphalidylcholine; distearoytphosphatidylcholine: phosphati- 
dyletiianolantine; dioleoylphosi^tidylethanolamlne: phosphatidytseiine; phosphatldylglycerd; phosphalidyfirrasi- 
tol; sphingoGpids; sphingomyeUn; glycdifMs: gangtioside GM1; ganglioside GM2; glucolipids; sulfatides; gly- 
oospWngolipids: phosphatidic acid: palmitic add; stearic add; arachtdonic add; oleic add; fiplds bearing polymers 
such as polyethylenegtycol, chltin, hyaluronic add or polyvinytpymtidone; lipids bearing sulfonated mono-, di-, 
digo- or poiysacchaiides: chotesterol. cholesterol sulfele: cholesterot hemisucdnate; tocopherol hemfeucdnate, 
i^wWi ether and ester-Rnlad fetfyadcte, polymeflzedripids.diaoetyl phosphate, stearylamine, caidio6ptn. phos- 
phol4>lds with short chtfn fat^ adds of 6-8 cartons in length, synthetic phospholipMs with asymmetric acyl chains, 
fr<5«holeslen-3^irtoi9>-1-thio-p0^alacb>pyrano5ide, digalactosyldlglyceride. 6-(5<holesten-3p-yloxy)hBxy1- 
S«mim>«4ieo)qr-1-thi»^0-galaciopyranoside, 6K&«holesleii-3^ylo]9)hexyl«4mino<Kleoxyl-1-thio«-0- 
mannopyianoside. 12-(((r-tfethylaminooouinartn-3^}cart)oriyOmethylamina)4ctadecanoic acid; N-(12-(((7'-<S- 
ethylambiocoumariri-a^)cart)onyl)meihylaiiAio)ocladecanoyq-2-an^ 

monio)bulanoate; N-sucdnyMWeoylphosphatidylethanbl-amine; 1,2-dioleoyl-sivglyoeral;1,2-dipalmltoyl-sn- 
3-sucdnylgIyoerol: 1.3^palmitoyi-2-sucdnylglyceid;1-h8xadeeyl-2-palrnilqyigtycerDph<»phoellianalambte; 
palmltoylhomocysteine;and/br combinations thereof, tauryHrimethylammonlum bromida, cetyitrimethylamnronlum 
bromide, myristyitrimethylammonium bromide, alkyldimelhylben^ammonlum chloride, benzytdimattiyModecy- 
lammonlum bromide, benzyldimethylhexade^latmnonium bromide. benzytdimethyltetrade<vlammonlum bro- 
mide, cetyidimethylethylammonium bromide, or ceMPyifdinium bromide; penlafluoro octade^ Iodide, par- 
fluorooetylbroiiride, periluorodeeelin, periiuorododecalin, perfluorooctyliodide, perfhiorolriprepylamine, and pe^ 
fuorotn'butyiamine; and further comprising a lipid bearing a net negative charge. 

83. The method of feature 82 witerein said lipid bearing a net negative charge comprises phosphatidic add and 
phosphatidylglyiBerDl. 

84. The method of feature 82 wherein said lipid bearing a negative charge comprises phosphatidic add. 

85. The method of feature 62 wherein said Spid bearmg a net negathre charge coovrises eboO. 1 mole % to about 

20 mole %. 

86. The method of feature 41 further comprising the step of pressurizing said vessel. 

87. The apparatus according to feature 63. wherein the means for coofing said aqueous sdution comprises means 
Ibr coding said aqueous sdution below the gd to liquid crystalline phase transition temperature of said Opid in 
said aqueous sdution. 

88. The apparatus according to feature 87. further comprising means for pressuridng said vessel. 

89. The method of matdngamicrosphere of feature 1 comprising dipalmitoylphosphatidylcholine.dipalmitoylphos- 
phalidic add, and dpalmitoylphosphafidylethandamlne oovatenHy finked to pdyethylene giyod. 

90. The method of making a microsphere of feature 1 comprising a lipid selected from the group consisting of 
dipalmiloylphosphatidylchoGne, dipalmitoylphosphatidc add, dipatmitoylphosphalklylethanolamine. and polyeth- 
ylene glycd. 

91. The method of making a microsphere of feature 1 comprising at least one dipaimib^ Hirfd. 



EP12S2 885 A2 



92. The method of feature 38 wherein said vessel is a bairel of a syringe, said syringe also comprtsbtg at least 
one nier and a needle: said step of extracting comprises sizing said gas^lled Oposomes by extruding said lipo- 
somes from said barrel through said filter. 

f 93. The method of fisature 38 wherein said vessel is a l}arrel of a syringe. 

94. The method of feature 93 wherein saM syringe also comprises at least me filter and a needle; said step of 
extracting comprises sizing said gasAled i^xsomes by extniding said liposomes from said barrel through said 
filter. 

10 

95. The method of feature 44 comprising drawing said liposomes into a syringe, said syringe comprising a barrel, 
at least one filter, and a needle; whereby said filter sizes said Iqiosomes upon drawing said Ivosomes Into said 
bairal. 

>s 9$. The method of feature 44 comprising extruding said liposomes into a barrel of a syringe, said syringe also 
comprising at least one filter and a needle; whereby said filter sizes said liposomes upon extruding said liposomes 
from said barrel. 

S7. The ntethod of feature 44 wlierein said step of extracting comprises drawing said gas-tilted iiposome-conlalning 
20 foam Into a syringe, said fringe compiising a barrel, at least one Hiter. and a needle; thereby sizing said Bposomes. 

98. The apparatus of feature 64 wherein said vessel is a l>anel of a syringe, said syringe else comprising at least 
one niter and a needle; said means fbr extracting comprises means for sizing said ga»4lled liposomes by extruding 
said liposomes ftom said larrel through said filter. 

25 

99l The apparatus of feature 58 Wherein said vessel is a barrel of a syringe. 

lOa The apparatus of feature 99 wherein saM syringe also comprises at least one filter and a needle; and further 
comprisirig a means fbr extracting ooinprising riieans for sizing saM ga»4illed Dposonies l>y extruding said lipo- 
30 somes from said barrel 

101 . The apparatus of feature 57 wherein said vessel is a bairel of a syringe, said ^nge also comprising at least 
om filter and a needle; wlwreby said filter Is a means for sizing said liposomes upon drawing said liposomes Into 
said barrel. 

35 

102. The apparatus of feature 64 wherein said means fbr extracting comprises means for sizing said gas-filled 
liposome^ontalnlng foam Into a ^nge. said syringe comprising a t>arrel, at least one filter, and a needle: thereby 
sizing said liposomes upon odracting said liposomes from said syringe. 

40 103. The apparatus of feature 64 further comprising a means fbr extracting comprises means fbr drawing said 
gas-fiBed Uposome^ontainlng loam into a syringe, said fringe comprising a barrel, at least one Oter, and a needle: 
wherein said nteans fbr drawing liposomes into said syringe thereliy sizes said ^losomes. 

104. A gaseous precursor containing liposome apparatus comprising a barrel, a filter assembly, and a needle, said 
45 filler assembly fitted between said tjamel and said needle and omnprising at least one filter, said barrel containing 
temperature activated gaseous precursor-filled microspheres prepared by a method of shaking an aqueous solu- 
tion comprising a Bpid in the presence of a gaseous precursor at a temperature below the gel state to Oqu'd crys- 
talline state phase transition temperature of the lipid. 

so 1 0S. The apparatus of feature 1 04 wtierein said filter assembly is a cascade filter assen^ly comprising a first filter, 
having a needle size and a barrel side, and a second filter, a first metallic mesh disc and a second metaliic mesh 
disc on said needle and said barrel sides of said first filter, an Oaring between said second metallic mesh disc and 
said second filter, said second filter spaced ISO )mi on the ttairei side of said first filter. 

55 106. The apparatus of feature ICS. said first filter and said second filter having pores, said second fitter having a 
pore size of alxxit 10 pm and saU first filter having a pore size of about 8 pm. 

107. The apparatus of feature 104. wherein said filter has pores, said pores having a size in the range of about 
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30 ran to about 20 microns. 

108. The apparatus of feature 104, wlierein said fiHerhas pores, said pores having a size of about 8|un. 

109. The apparatus of feature 104. wherein said filter has pores, said pores having a size of al»ut 0.22 |un. 

110. The apparatus of feature 102 having a first filter and a second fiKer, said first filter and said second filter having 
pores, said second filter having a pore size of atjout 10 (im and said first filter having a pore size of atXHJt 8 fun. 

1 1 1 . The apparatus of feature 102. vvherein said filler has pores, said pores having a size bi the range of atxxjt 30 
nm to aboxA 20 microns. 

112. The apparatus of fsaiure 102. wherein said filter has pores, said pores having a size of about Opm. 

113. The apparatus of feature 102. wherein said filler has pores, said pores having a size of about 0.22 pm. 

114. The apparatus of feature 103 having a first fOterand a second fitter, said first filler and said second fater having 
poies. said second fater havbig a pore size of about 10 pm and said first filter having a pore size of about 8 pm. 

lis. The apparatus of feature 103, wherein said fitter has pores, said pores having a size In the range of about 30 
nm to about 20 micnms. 

116. Ihe apparatus of feature 103. wherein said fitter has pores, said pores having a Size of about 8|un. 

117. The apparatus of feature 103. wherein said fitter has pores, said pores having a sizs of dxwt 0.22 |im. 

118. The rr»thod of feature 1 performed at a pressure at)ove ambient pressure. 

119. The method of feature 37 perfbimed at a pressure above ambient pressure. 

120. The gaseous precursor-filled fiposomes of daim 72 for use wtth a nebulizer, said Hposomes targeted to the 
lung.° 

121. Gas-filled liposomes prepared by a gel state shaking gas instSation method. sM liposoines comprising a 
fiuorinated gas. 

122. The gas-filled liposomes of feature 121 wherein said fiuorinated gas is selected from the group consisting of 
fluorine gas, 1-fluorobutane, hexafiuoro acetone, tetraftuoroallene, boron trifiuoride, 1,2,3-trichIoro, 2-fluon>> 
1,M)utadiene, hexafiuoro-1,3-butadiene, 1-fluoro-butane, 1,2,3-irichloro, 2-fluoro-1,3-i)utadiene; hexafiuorO' 
1,34utadiene; 1-fluan>.txjtane; decafluoro butane: perfiuoro-l-butene; perfluoro-l-butene; peTfluorD-2-tMJtene; 
2-chloro-1.1,1,4.4,4-hexafluoro-t>utyne; perfluoro-2-butyne: octafiuoro-cydobutane; perfluoro-cydobutene; per- 
fluoroethane; perfluoropropane; perfluorobutane; perlluoropentane; perfluorohexane; 1,1,1-trifluorodlazoethane; 
hexafluonxlimethyl amine; perfluorocfimethytamine; 4-methy1,1,1.1.2-tetrafluoro ethane; 1,1,1-trifluoroetbane: 
1.1,2.2-tetrafluoroethane; 1,1,2-trichloro-1,2.24rifluoro^hane; 1.1-dlchloro-1,2,2,2-tetrafluoro ethane; 1,2-difluoro 
ethane: 1-cWoro-1,1,2,2,2-pentafiuoro ethane; 2-ch[(»a, 1.1-difluoroethane; 1-chlon>-1,1,2,2-tetrafluoro ethane: 
2<hi0fO, 1.1-difluoroelhane; chloropentafluore ethane; dichlorotrifluoroethane; fluoroethane; hexafluoro-ethane; 
nitroiientafluoro ethane; ititrosoiientafluaro ethane; perfluoro ethane; perfluoro ethylamine; 1,lKlichloro-1 ,2-dIf- 
hioR> ethylene: 1.2-difluoro ethylene: methane-suHbnyl chlorfde-tiffluoro; methanesulfonyl fluoride-trifluoro; meth- 
ane^pentafluorothio]trifiuoro: melhane-bromo difluoro nHroso; methane-tMomo fluoro; methane-t>romo chlorq- 
fluore: methanebronifrtrifluoro; methane-chlora difluore nRro: mettianecitioro fluoro; methane^chloro trifiuora; 
methane-chloro-iSfluon: mettiane dibromo difiuoro; melhane-dichlora difluoro; mettiane-dichloro-fiuoro; methan- 
edlfiuoro; methane-difluoro-Iodo: melhana-fluoro; methane-iodo^uoro: methane-nttro-trifluoro; melhan&«l- 
troso-trifluoro: methane-tetrafluoro; methane-trtchlorDfluoro; methane^rifluoro: methanesulfenylchioride'titfluora; 
pentane-perfluoro; 1-pentane-perfiuore; propane-1. 1. 1. 2. 2. 3-hexafluoro: propane-2.2 difluoro: propane-hep- 
lafluoro-l-nHro; pnpane-heptafluoro-1-nttroso: prapane-perfluoro: propyi-l .1.1 ,2,3,34iexafluoR>-2.3 dichloro: pro- 
pylene-3-fluon: propylenei^wifluoro; propyne-3.3,»-trifluoro: slyrene-34uoro: sulfiir hexafluoride; sulfur (di)-de- 
cafluoia; trifluoroacetonttrile: Irifluoromelhyl peroxide; trifluoromethyl sulfide; tungsten hexafluoride, pentafluoro 
octadecyl iodide, peri)uaraoctyn>roniide, perfluorodecalin.perfluorododecalin, perfluorooctyiiodide.peitfluoralriprD- 



40 



EP1252885 A2 



pylamine, peffluorotributylamine. hexaituoropropylene. bromochiorofluoromethane, octafluoraprapane, 1 ,1 dichlo- 
ro, fluoro ethane, hexafluoroethane. hexanuoio-2-butyne, perfluoropentane, perfluorobutane. octafluoro-2-butene, 
hexafluorebuta-l.3^lene. oclafluorocyciopentene. 

123. The gas-filled liposomes of feature 122 wheiein said fluoiinated gas is selected from the group consisting of 
fluorine gas, peifluoromethane, perfluoroethane, perHuoropiopane. peifluortHMitane; perfluoropentane, peifluor* 
ohexane, sulfur hexafluoride. hexafiuoropropytene, octafluoropropar^, perfluorocydobutane, odafluorecydopen- 
tene, dodecafluoropentane, and octaftuorocydobutane. 

124. Tim Hposames of feature 123 wherein said fluorinated gas b seieded from the group consisting of peifluor- 
omettiane, perfluoroethane. perfluorepropane. perfluorobutane. perfluoiDcydobulane, and suHiir hexafluoride. 

125. The Biposomes of fsatuia 124 wherein said fluorinaled gas is selecied Ironi the group consisting of peifluor- 
opropan^ perfluoroqrdobutane. and peifluorobutane. 

126. Hw liposomes d fbalure 125 wAieiein said fluorinated gas is perfluoropropane. 

127. The liposomes cl feature 121 wherein said fluorinated gas is a peifluoracaibon gas. 

128. The liposomes of fieature 127 wherein said peifluorocartion gas is seieded from the group consisting of 
peifluoromethane, perfluoroethane, perfluoropropane, periluorabutane, and peifluarocydobutane. 

129. Itw liposomes of feature 128 wherein said perfluorocaitKxi gas is setedad from the group consisting of 
perfluoropropane, peffluorocydotxjtariB, and perfluorobutane. 

130. Tlie Hposomes of feature 129 wtiefaln said peifluorocarbon gas is perfluoropropane. 

131. A method for preparing gas-filled microsphefes compiis'mg shaking an aqueous solution comprising a lipid 

in the presence of a fluorinated gas at a temperature below the gd slate to liquid crystalline stale itfiase trarisitiOT 
tampwature of the npld. 

132. The method of feature 131 wherein said fluorinated gas is seieded from the group consisting of fluorine gas, 
1-fluon)butane,hexafluoroacetone,tBtrafluoroaIlene, boron trifluoride,1,2,3-trichlorD,2-fluoro-1,3-butadiene, hex- 
afluor»-1,3-fautadiene, 1-fluoro-butane, 1,2,^-tridiloro, 2-fluon>-1,34wtadiene; hexafluorD-1,3-butadiene: 1-fluor- 
obutane; decafluoro butane; perfluoro-l-butene; perfluortvl-butene; peffluoro-2-butene; 2-chloro-1 ,1,1 ,4,4,4-hex- 
afluon>tutyne; perfhioro-2-butyne: odafluoroHq^dobutane; perfluoro-cydobutene: perfluoroethane; perfluoropro- 
pane; perfluorobutane; perfluoropentane; perfluorohexane; 1 ,1 ,1-trifluorodiazoethane; hexafluoro-dimethyl amine; 
perfluorodimethylantine; 4-fflethyl,1,1,1.2-tetrafluoro ethane; 1,1,1-trifluoroethane; 1,1,2,2-tetrafluoroethane; 
1,1.2-trichkMD-1,2,2-trifluoroethane: 1.1-<lichlo(o.1,2,2,2-letrafluoro ^ane; 1,2-difluoro ethane; 1-chloro- 
1.1,2.2.2-pentafluoro etttane; 2-chloro, l.l-difluoroethane; 1-diioro-1,1,2,2-tetrafluoro ethane; 2-chloro, 1,1-dif- 
luoroethane; chloropentafluoro ethane; dichlorotrifluoroethane; fluoroethane; hexafluoro-^hane; nitio-pentafluoro 
ettiane; nitroso-pentafluoro ethane; periluoro ethane; perfluoro elhytamlne; 1,1-dichloro-1,2-difluoro ethylene; 
1,2-difluoro ettiylene: mefliane-sulfonqrt cNorideMuoro; methanesulfonyl fluoiWe-trifluoro; m8thane-(pentafluor- 
othlo)trifluon>: melhane-bromo difluoro nitroso; melhane^xomo fluoro: methane-bromo chloro-fluoro; methane- 
ixomiHrifluoro; methanechlore difluoro idtro; methanechioro fluoro; methane-diloro trifluoro; methane-dilonHll- 
fluoro: methane dHmmo difluoro; methane-dichloro (flfluoro; mettiane-diddoro-fluaro: methanediftuoro; methane- 
diRuoR>40do: methane^iuon; melhane-iodcHrifluon; mettane-nilRMrifluoro; methanenitroso-trifluoro; methane- 
telrafluonninethanetriGhlorofluoro;riiethane-Mfluoro;niethanesutfenyldiloride4^ 1-pen- 
tane-peifluoro; propane-1, 1. 1. 2, 2. 3-hexafluofo; prapane-2,2 difluoro; propane-heptafluoro-1-nitro; propane- 
h^itafluoro-l-nitroso; propane-periluoro; propyl-1.1.1,2,3.3-hexafluon>-2.3 dichloro; propylene-3-fluoro: propyl- 
ene-perihioro: propyna-3,3,3-trifluoR>: styren8-3-auoro; suifiir hexafluoride; sidiiir (dQ-decafluoro; trifluoroaoe- 
tonilrile: trifluoromethyi peroxide: trifluoromethyl sulfide; tungsten hexafluoride, pentafluoro odadecyl Iodide, per- 
fluoroodylbrofflide, perfluorodecalln, periluorododecalln, periluorooc^iodlda, periluorotripropylamine. and per- 
fluorotributylamine, hexafluoropiopylene, bromochlorofluoromethane, octafluoropropane, 1,1 dichloro, fluoro 
ethane, hexa fluoroethane, hexafluoro^-txityne. periluoropenlane, periluorofautane. octafliM>io-2-butene, hex- 
afluorDbuta-1,3-diene, odafluorocydopentene. 

133. The method of feature 132 wherebi said fluorinated gas is selected from the group consisting of fluorine gas, 
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perfluoromethane, petfluoroethane, perftuoropropane. pecfluorobutane, perfluoropentane, perfluorohexane, sulfur 
hexafluoride, hexafluorepiopylene. odafluoropropane. perfluorocydobutane, odafluorocydopentend, do- 
decafluoropentane, and 6etafluorocydobulana 

134. The method of feature 133 wherein said Ruorinated gas is selected from the group consisting of perfluor- 
ometliane, perfluoroettiane, perftuoropropane, perftuorotNiiane, perfluorocydobutane, and sulfur hexafluoride. 

135. The method of feature 134 wherein said fluotinated gas is selected fnom the group consisting of perfluoro- 
propane, perfluorocydobutane. and peifluorebutane. 

13& Ihe method of feature 135 wherein sdd fluorinated gas is perfluoropropane. 

137. The liposomes of feature 131 wherein said fluoitnated gas Is a perfluorocarbon gas. 

138. The liposomes of fisalure 137 wherein said peifluoracartion gas is selected lirom the group consisting of 
peifluoramethana, perfluoroethane, perfluonqmpane, peifluorobutane. and perfluorocyclobutane. 

139. The liposomes of faalure 138 wherein said peffluorocarbon gas Is selected from the group consisting of 
perfluoropropane, perfluorocydobutane. and peifluorobutene. 

140. The liposomes of feature 139 wherein said perfluorocarbon gas is peifluoropropane. 

141. A method for preparing gas-iilied lipid microspheres comprising shaldng an aqueous solution comprising a 
lipid, in the presence of a fluoiinated gas. and separating the resulting gas-Cned lipid miccDspheres for diagnostie 

or therapeutic use. 

142. The method of feature 141 wtierein said fluoiinated gas is selected from the group consisting of fluorine gas, 
1-fluorobutane, hexafluoro acetone, tetrafluoroallene, boron trifluoride, 1 ,2,3-trichloro, 2>fluoiD-1 ,3^utediene, hex- 
afluoro-1,3-butadiene. 1-fluon>4)utane, 1.2,3-tridiloro, 2-fluoro-1.3-butadiene; hexanuoro-1,3-butadiene: 1-fluor- 
obutane; decafluoro butane; perfluoro-1-butene: perfluorx>-1-butene:pe(fluoro-2-butene;2-chlon>-1,1,1,4,4.4-hex- 
afluon>4utyne: perfluoio-2-tHJtyne; octafluoro<yciobutane: peifluon>cydobutene; perfluoroethane; peifluoropro- 
pane; peifluorobutane; peifluorapentane; perfluorohexane: 1 ,1 ,1-tnfluorodiazoethane; hexafluoro-dimsthyi amine; 
perfluorodimethylamine; 4-methy1.1.1,1,2-tetrafluoro ettiane; 1,1,1-trifluoroethane; 1,1.2,2-tetiafluoroethane; 
1,1.2-trichloro-1,2,2-trifluoroethane: 1.1-dichloro-1,2,2,2-tetFafluoro ethane; 1,2-difluoro ethane; 1-chlo>t>- 
1,1,2,2.2-pentafluoTO ethane; 2-chloro. I.l-difluoroethane: 1-chlon>-1.1,2,2-tetrafluoro ethane; 2-diloro, 1,1-dif- 
luoroethane; chloropentafluoro ethane: dichlorotrifiuoroethane; fluoroethane; hexafluoro^thane; nitro-pentafluoro 
^hane; nitroso-pentafluoro ethane; peifluoro ettiane: peifluoro ethytamine; 1,1-dlchloro-1,2-difluoro ethylene; 
1,2-difluoro ethylene; methane-sutfonyl diloride-trifluoro; methanesulfonyl fluoride-tiifluoro; metharte-(pentafluor- 
othio)t(ffluoro: metliane-bromo difluoro nitroso; methane-bromo fluoro; methane-bromo chtoro-fluoro; methane- 
bromo^iifluoroi methanechloro difluoro nitro; methanechloro fluoro; methane-chloro trifluoro: methane-chloro-di- 
fluoro; methane dibromo difluoro; methane-didiloro'dinuoro; mettiane^tichloro-fluoro; mathanedifluoro: methane- 
dMuoro-iado; meihan»4luore: methane-iod(Hiinuore; mtfhane-nHio-lrifluoro; methaiKnitroso-irifluoro; methane- 
tetrafluoro; mattiane-tiidilarofluoro; melhane^rifluoro: melhanesulfenyichloride^rifluoro; pentane-perfluoro; 
1-pentane-peifiuoro; prapane-1. 1. 1. 2, 2, 3-hexaOuoro; propane-2.2 difluoro: propane-heptafluoro-l -nitro; pro- 
pat)e-heptafluon>-1-fAroso; propane-perfluoro; proi^1,1,1,2,3.3-hexafluorfr-2.3 dichloro: propytene-3-fluoro; 
propylene-peifluoro: propyne-3,3.3-tiifluoro; s4rran»-34luoro: suUiir hexafluonda; suUiir (di)<tecafluoro; tiifluoro- 
acetonitrile; tiflluoronwthyl peroxide; trifluoronwthyl sulfide; tungsten hexafluoride. pentafluoro odadecyl iodide, 
peffluoroodylbromida. perfluorodecalin, peifluorododecalln, peifluorooctyilodlde. perfluorotripropylamine, and 
peifluorolributylamine, Iwxafluoropropylene. bromochloiofluoromelhane. odafluoropropane. 1.1 dichloro, fluoro 
ethane, hexa fluoroethane. hexafluoro-24)utyne. perfluoropentene. peifluorobutene. ociafluon-2-butene. hex- 
afluorobuta-1.34iene. odafluorocydopentene. 

143. The method of feature 142 wherein said fluorlnaled gas is seleded from the group consisting of fluorine gas, 
perfluoromethane, perfluoroethane. perfluoropropane, peifluorobutene. peifluoropentene, peifluoraliexane. sulfur 
hexafluoride, hexafluoropropylene, odafluoropropane. periluorocydobutene. odafluorocydopentene. do- 
decafluoropentane, and odafluorocydobutane. 

144. Tlie method of feature 143 wherein said fluorinated gas is seteded flom the group consisting of perfluor- 
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omethane. perfluoroethane. perfluoiopropane, perfluorobulane, peffluorocydobulane. and suHurhexanuoride. 

145. The method of feature 144 wherein said fluoiinated gas is selected from the group consisting of perlluoro- 
propane, perfluorocydobutane, and perfluorol>ijtane. 

146. The method of feature 145 wherein said Huorinated gas Is perfluoropropane. 

147. The liposomes of feature 141 wherein said fluorinaled gas is a perfluorocaitaon gas. 

148. The liposomes of feature 147 wherein said peifluoracarlxin gas is selected from the group consisting of 
peifluoromethane, perfluoroethane. peifluoropropane. petfluoiobutane, and perfluorocyciobutane. 

149. The Rposomes of feature 148 wherein said peifluoracafbon gas is selectBd from the group consisting of 
peffluorepropane; petfluoroc^dolKjtane. and parfluorobutane: 

150. The liposomes of feature 149 wherein said peifluorocartwn gas is perfluoropropane. 



Claims 

1. A method of preparing gas-filled lipid microspheres comprising shaking an aqueous solution comprising a Cpid in 
the presence of a Hquid temperature activated gaseous precursor, and thereafter allowing the temperature of said 
lipid microspheres to rise atiove the liquid to gas phase (ransUion temperature of said temperature activated gas- 
eous precursor, characterized In that said temperature activated gaseous precursor Is a perfluorocarijon havbig 
a liquid to gas phase tran^n temperature of -10(r> C to 70° C. 

2. The method acconSng to Claim 1 wherein said shaldng is peiftinned with said aqueous solution at a temperature 
iwlow the gel state to liquid oystanine state phase transition temperature of said Spid. 

3. The .method of any preceding daim, wherein said temperature activated gaseous precursor, after activation to a 
gas. comprises at least alMut S0% of the Interior volume of sM Ifwd microspheres. 

4. The method according to any preceding daim wherein said Spid comprises an aliphatic compound with an ailcyl 
group of between 2 to 30 cartions. 

5. The method according to any preceding daim wherein sdd lipid comprises a phospholipid. 

6. The m^hod according to Claim 5 wherein said phospholipid Is selected from the group conslsUng of dipaltnitoyl- 
phosph^idylchaBne, dlpalmitoylphosphaUdic add. and dipaimiloylphosphatidyleihanolamltte. 

7. Themethodaoooidingtoanypceoedingdaimwherelnsaidlipidmtcrospheresfwthercofflprisepdyelhyleneglycd 

8. The method of Claim 7 wherein said micre^heras comprise dipalmitoylphosphatidyicholine. dipalmitoyl|4)ospha- 
tidic add. and dipalmitoylphosphatidylethanolamine oovalently nnlwd lo polyethyiene glyod. 

9. The method according to any preceding daim further comprising the stap of separating the resulting gas or tem- 
perature activated gaseous precursor-filled lipid microspheres fbr diagnostic or therapeutic use. 

10. The method accon&ig to any preceding daim, wherein said shaidng is performed under conditions of elevated 

pressure. 



The method accor<fing to any prece<fing daim wherein said temperature activated gaseous precursor has a liquid 
to gas phase transition temperature of about 37*C. 

Tlie method according to any preceding daim, wherein said periiuoracarbon is selected from the group consisting 
ofperfluoromethane. perfluoroethane. perfluoropropane, peiiluorabutane, perfluoropentane. perfluorohexane and 
perfluorocydobutane. 



43 



EP 1252 885 A2 

1 3. The method according to daim 1 2, wherein said perfluorocaibon is selected from the group consisti(«g of peifluor- 
opropane, perfluorocydobutane, and perfluorobutane. 

14. The method according to daim 13, wherein said perfluorocartson is perfluoropropane. 

15. The method accoidit>g to any preceding daim wherein said lipid microspheres comprise liposomes. 

16. Gas liUed lipid Rdcraspheres obtainaiile by a method acooiding to any of Claims 1 to 1 5. 
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FIG. 5A 
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